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Foreword 


This  volume,  the  twenty-hirst  to  be  published  in  the  total  series  relating 
the  history  of  the  United  States  Army  Medical  Department  in  World  War  II, 
is  the  second  volume  to  be  published  in  the  internal  medicine  group.  The 
lirat  volume,  published  in  1961,  dealt  with  the  activiti^  of  consultants  in 
medicine  in  all  parts  of  the  world.  'Fliis  second  volume  deals  with  some  of 
the  infectious  diseases  encountered  in  a  global  war.  Tlte  third  and  final  vol¬ 
ume  in  this  group,  now  in  preparation,  wtll  deal  furtlier  with  the  infectious 
diseases  and  with  general  medicine. 

Of  necessity,  as  tlte  e<tttor  of  tlwe  inteniel  meiicuie  group  points  out  in 
his  preface,  s«jme  of  tlie  material  in  this  volume  o%erla[in  sonte  of  llur  mate¬ 
rial  in  the  first  internal  medicine  volume.  It  also  overlaps  certain  of  the 
material  in  the  preventive  medicine  senes,  'rhere  lias  been,  deliberately,  no 
effort  to  alter  tlie  situation.  To  do  »o  would  liave  resulted  tn  rigid  and  arti- 
Hcial  distinctions  and  would  also  have  deprivml  tlie  reader  of  tlie  beneht,  in 
certain  instances,  of  presentation  of  material  tm  tlie  same  subject  from  more 
than  one  fstint  of  view. 

As  1  reatl  this  lss>k  in  manuscript,  I  was  impressed  with  a  number  of 
consnierations,  some  peculiar  to  this  volume,  Micoe  shared  by  the  ocher  vol¬ 
umes.  Is«t  me  list  some  of  them: 

1.  Tlie  wtsdom  of  our  {Mitu^y  of  utilizing  itie  pemucuil  eapenences  of 
present  and  former  medn*al  «d&-ers,  who,  as  has  been  repeatedly  pointed  out, 
not  only  hetpeit  to  create  hut  also  to  itsiord  the  flata  upon  which  this  whoW 
history  is  baMxl.  The  authors  of  the  vanmis  chapters  m  thi*  volume  wrere 
ssleetsd  to  write  them  not  only  Iwcause  of  their  eminence  tn  iheir  particular 
fietdi  but  also  because  they  had  had  wartime  experiences  m  these  fields.  More 
valid  sources  could  scarcely  be  imagined. 

2.  The  expansion  of  knowteiige  of  the  etiology,  rlmtcal  |^orr,  control, 
and  management  of  certain  diseases  about  which  litlVe  in  some  instanrea 
nothing  wa.s  known  before  the  war.  The  list  vs  incomplete  but,  as  examples, 
one  might  mention  sandfly  fever;  Q  fever;  scrub  typhus;  BriU’i  dmrase; 
primary  atypical  pneutiwmia;  and  eutaneosw  diphtheria 

5.  The  remarkable  utilization  of  opportunities  for  investigaiton  and  the 
amazing  amount  of  valuable  data  that  emerged  fnun  these  irtudies,  wherh 
were  often  mads  under  almost  mtoterable  ccmdittons,  both  tn  and  out  of  com* 
bat.  In  additiim  to  studies  involving  I'ntted  States  military  personnel,  in¬ 
cluding  released  pnsoiwin  of  war,  were  the  studies  involving  ReroirmI 
Allieii  Military  f>rsonnel;  enemy  prisoners  of  war;  and,  civtltana 
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In  this  connection  one  is  impressed  with  the  importance  and  value  of 
the  work  doim  by  the  various  boards,  couunissietis,  and  suboommissi(ms 
appointed  to  investigate,  and  recommend  action  upon,  certain  aspects  of  in¬ 
fectious  diseases.  Their  investigations  includeit  acute  respiratory  disease; 
influenza  and  other  epidemic  diseases;  typhus;  neurotropic  virus  diseases; 
hemolytic  streptococcal  infections;  airborne  infections;  tuberculosis;  and 
malaria.  When  one  realizus  tliat  aonte  15.00iJ  drugs  for  the  suppnession  and 
treatment  lif  malaria  were  investigated,  some  cursorily  and  some  delinitively, 
during  the  course  of  the  war,  one  can  also  realize  the  fruitksis  aciiviti^  and 
actual  chaos  which  might  have  resulted  witliout  tlie  guidarn'e  of  tlie  Board 
for  the  Coordination  of  Malarial  Studus$. 

4.  Tlie  changing  concepts  of  certain  diseases  and  tlieir  management.  In 
1^1,  for  example,  no  one  would  have  dreamed  that  one  of  the  most  signiti 
cant  chapters  in  a  volume  in  the  internal  meiltciue  series  of  tlte  history  would 
concern  venereal  disease.  In  December  ltH3,  tlie  treatment  of  (lati^ts  lios- 
pitalized  with  veneival  disease  ceased  to  he  a  responsibility  of  tlte  geni¬ 
tourinary  serv  ice  and  tiecame  a  responsibility  of  tin*  medical  service  in  Army 
hospitals.  IfospitabzaCton  then  gave  way  to  ambulatory  treatm«tt.  In  the 
c:we  of  syphilis,  therapy  evolved  from  tin?  tinuf-honored  but  cumbersome  and 
hazarilou.s  methisU  with  arserucals  and  bismuth  -impracin-al  e\en  under  rel¬ 
atively  static  conditions  of  training  and  completely  impracfn'at  m  combat 
to  the  reaolute  ilectstoti  to  use  pentctUtn  for  this  ]>ur|MMp.  Tins  tWisiun. 
made  by  'Hie  Surgeon  (leneral  and  appliesl  Army  wide  rscn  at  a  tune  when 
last  minute  prefiarattcns  for  D  day  in  Kurope  were  temg  made,  solved  a 
serious  problem  with  greatest  efl*»-tiveness.  Trained  ntanpower  wa*  con 
serve*!;  channels  of  evacuation  were  not  clogged  by  this  type  of  paiieni ;  and. 
nmnv  hospital  Iseds  were  fr««*l  for  «s>re  ttrgrtit  |HtrpaMSv  Further,  the  use 
of  (lenicitlin  limpltfleii  the  treatment  of  gtmorrhea  and  reduced  the  complt 
a»torti.s  arising  from  that  disease  from  25  percent  m  1937  to  I  jjercsmi  m  IW4. 

Die  spread  of  knowleilge  of  all  iheae  disease*  racptired  almost  **evaAgel' 
ical  efforts”  on  the  f»art  of  the  nietbcal  consultant*  and  others  mi|ianath)e  for 
the  training  an«l  imhs’trination  of  medical  oftrers.  A*  to  the  iroopa,  coniftd 
of  disease  was  a  matter  of  mdividuat  imlot'trmation  and  to  be  efferttva  iw- 
(ptired  Arm  command  support.  Fditratum  concerning  matana  and  it*  sup- 
pmseive  nnanagenient  did  not  vuccmmI  until  Alahnne  disrtpltne  tMeame  an 
actuality.  Then  malaria  rate*  fell  from  as  high  a.s  to  2,^00  per  thou 

sand  per  annum,  or  higher,  to  negligihhp  figure*. 

A  careful  reading  of  this  bonlt  make*  clear  that  if  these  duemiee  Had  oof 
been  eontrottad,  the  I'nifed  .State*  could  Have  suffered  a  gresU  mtlifary  dis¬ 
aster  withmrt  regard  to  enemy  capalwittie*.  5<ane  of  the  author*  franitty 
acknowledge  that  luck  ptayeil  a  part  in  the  happy  outcome,  and  m  it  d»d. 
The  sptdMnic  of  ewephalitis  did  not  oreur  on  Okinawa  until  the  idaind  had 
been  orrupied,  though  sporadw^  flghftng  was  sfiH  going  tui  and  imop*  wm* 
staging  for  the  invasion  of  Japan  f>n  the  oiher  hand,  the  Medical  Corps 
can  justtflahly  assume  credit  for  tt.«  hnlliant  work  m  a  number  of  these  dtf 
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fereut  diisea£e£.  Epidemic  typhus  was  rampant  in  civilian  populations  with 
which  many  troops  were  in  close  contact,  but  there  were  only  104  cases  in 
the  United  States  Army  and  not  a  single  death. 

ChiO  or  two  comparisons  with  World  War  I  ligur^  are  further  proof  of 
the  improvement  of  medical  management  of  infectious  diseases  in  World 
War  II:  In  World  War  I,  46,€H0  deaths,  73  percent  of  all  deaths  from  dis¬ 
ease,  were  caused  by  influenza,  lobar  pneumonia,  bronchopneumonia,  bron¬ 
chitis,  and  measles.  In  World  War  II,  in  an  Army  over  twice  the  size  of 
the  World  War  I  Army  and  mobilized  over  a  longer  period,  there  were  only 
deaths  from  these  causes.  In  World  War  I,  tuberculosis  was  the  lead¬ 
ing  cause  of  disability  separations;  it  accounted  for  11.1  percent  of  all  sepa¬ 
rations  and  for  13.5  percent  of  all  separations  from  disease.  In  World 
War  11,  tuberculosis  was  thirteenth  in  the  list  of  disability  separations  and 
It  was  resp>nsible  for  only  1.9  percent  of  separations  for  disease. 

The  primary  mission  of  tlie  Army  Medical  Service  is  to  conserve  and  main¬ 
tain  the  fighting  strength  of  tlie  Army.  After  tlie  difficult  struggle  for  Huna- 
Sanananda  in  the  Xew  (iuinea  campaign,  largely  because  of  the  ravages  of 
disease,  the  32d  Infantry  Division  Itad  to  be  taken  out  of  tlie  line  for  reel 
and  rehabilitation  and  it  was  ineffective  for  many  months.  Ext raivolatioii 
of  these  facts  and  otlicrs  makes  clear  what  might  have  happened  had  such 
situations  continueil.  It  is  to  tlie  everlasting  credit  of  tlie  Mtslical  I>epart- 
ment  supported  by  urulerstandmg  line  commanders-  that  they  did  not. 

In  retrospeit,  the  Me<iu:at  iJepartment  seetm  to  have  acccmiplislied  an 
almost  impwsibte  task.  It  made  its  mistakes,  and,  to  speak  bluntly,  some  of 
them  should  not  have  lieen  made.  What  one  of  tlie  autlmm  of  this  hook  said 
of  malaria  might  well  be  said  of  a  numlsrr  of  other  diWMues,  tliat  live  stages 
of  education  tn  it  were  painfully  alike  in  all  theaters  and  areas.  Notiethe- 
iess,  metiical  {scrsonnet  i  wni|u«ced  and  held  in  cheek  diseaiww  that  were  be- 
wihkrmg  m  both  kind  and  number;  that  offered  muUtple  difikuUica  of  diag 
nosiM  and  differential  diagnosis,  (lartanitarly  m  their  very  early  images;  and 
that  sofrwittmes  were  completely  unknown  and  wunetimra  had  been  nKidiflesI 
by  envmmment  and  by  the  changes  in  the  clmiral  picture  that  onrurred 
when  non  immune  perMon.s  entered  areas  of  endemwily 

As  a  su^tpon,  I,  as  welt  as  many  of  my  surgical  confreres,  have  had  to 
concentrate  on  the  essential  character  of  our  sfMscialty  in  tkuilmg  with  ctunhat 
easuattMW.  In  my  rob  a#  The  .Hurgetm  (teneral  of  the  Army,  my  outlook  t» 
nts'eeMirily  wider  and  my  apprertatHWi  of  this  hook  is  therefore  murh  tjeeper. 

Quite  properly,  since  our  task  »  the  preparation  of  a  history  of  the 
Army  Meifical  tbpaitment  m  World  War  tl,  the  chwl  emfdiasis  m  this 
biok  is  upon  the  enormous  clinical  military  experience  with  infectiowi  cl«i- 
m  all  parts  of  the  worhi.  That  doee  not  maite  the  volume  bee  valuabb 
as  a  teat  on  these  diseases  for  medical  students,  general  practiiKmers,  and 
specialists  m  intemwl  metlicine.  I  rermnmend  it  to  them,  as  erell  as  lo  medi 
cal  ol&;ers  of  the  Army  and  other  armed  services,  as  a  rcsmpibtion  of  data 
not  readily  come  by  elsewhere. 
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The  nineteen  uutliors  of  this  volume  deserve  tlie  grateful  thanks  of  the 
Army  Medical  Service  and  of  the  medical  profession  in  general.  For  a  vari¬ 
ety  of  reasons,  some  beyond  our  competence,  some  due  to  our  own  culpabil¬ 
ity,  the  preparation  of  these  and  other  volumes  of  the  history  has  been  long 
delayed,  it  is  a  tribute  to  the  sense  of  professional  duty  and  the  patriotism 
of  these  former  medical  officei's  that  in  the  midst  of  their  busy  civilian  lives 
they  have  added  to  their  wartime  service  by  taking  the  time  to  set  down  this 
record,  and  to  carry  out  the  task  with  real  enthusiasm.  That  is  evident  on 
every  page. 

It  is  therefore  my  pleasure  to  express  my  gratitude  to  the  authors  of  this 
volume  and  to  its  editor,  Dr.  W.  Paul  Havens,  Jr.,  and  to  the  Advisory  Edi¬ 
torial  Board  of  which  Dr.  Garfield  G.  Duncan  is  Chairman,  for  a  mission 
well  accomplished.  It  is  my  equal  pleasure  to  express  my  appreciation  to 
the  personnel  in  my  own  office  who  are  doing  the  prodigious  work  of  pro¬ 
ducing  these  volumes. 

Leonard  D.  He.4Ton, 
Lieutenant  General^ 

The  Surgeon  General. 


Preface 


This  is  the  second  voluiue  of  the  history  of  internal  medicine  in  World 
War  11.  In  the  preface  of  tlte  Mist  volume,  which  contains  the  reports  of 
the  medical  consultants,  is  recounted  the  story  of  the  development  of  the 
organization  that  ultimately  produced  the  histor>’.  Attention  was  called  to 
the  early  enthusiastic  efforts  of  Hrig.  Gen.  Hugh  J.  Morgan  and  Colonels 
Walter  Bauer,  John  S.  Hunt,  and  Francis  R.  Dieuaide  to  implement  its  writ¬ 
ing  and  to  the  subsequent  formation  of  the  Advisory  Editorial  Board,  early 
in  1952,  under  the  chainnanship  of  Dr.  Garfield  G.  Duncan  and  under  tl»e 
overall  direction  of  Col.  Calvin  H.  Goddard,  M(',  th.en  Editor  in  Chief  of 
the  history  of  the  “Medical  Department,  U.S.  Army,  in  World  War  IT’  and 
Director,  The  Historical  Unit,  U.S.  Army  Medical  Service.  An  editorial 
office  was  established  at  Tlte  Jefferson  Medical  College  of  Philadelphia,  and 
Dr.  W.  Paul  Havens,  Jr.,  of  that  institution,  was  made  Editorial  Director. 
Col.  John  Boyd  Coates,  Jr.,  M(\  succeeded  Colonel  Goddard  as  Editor  in 
Chief  of  the  hi.storj‘  and  Director  of  The  Historical  Unit- 

This  volume  is  concerned  with  the  clinical  descriptions  of  certain  infec¬ 
tious  disea^'s  and  brings  into  sharp  focus  their  impacts  on  militaiy  activities 
under  a  variety  of  circumstances  in  many  different  parts  of  the  world.  Viral, 
rickettsial,  ha<*ferial,  and  protozoal  infections  are  discussed,  and  these  chap¬ 
ters  constitute  a  record  of  the  great  and  unique  experience  of  our  Anne<l 
Forces  with  a  variety  of  infectious  disea.se$  in  a  small  block  of  lime.  The 
chemotherapeutic  triumph  of  the  sulfonamides  in  meningococcal  infections 
is  recorded  here.  The  great  diversity  of  effects  of  various  infections  on  mili¬ 
tary  activities  is  descrilied,  ranging  from  tlie  relatively  unimportant  role  of 
neurotropic  virus  disea.ses  to  the  va.st  loss  of  time  cau.sed  by  reapimtory  dis¬ 
eases,  sandfly  fever,  and  malaria.  Again  and  again,  in  almost  even-  I’hapter 
in  this  volume,  appear  the  results  of  invest igalion.s  initiatei]  either  by  the 
Armed  Forces  or  by  the  various  commissions  working  under  their  aegis. 

Of  necessity,  there  is  overlapping  of  the  material  rontain€H;l  in  this  lK>ok 
and  in  vohime  I.  However,  in  contrast  to  the  more  general  aspects  of  vari¬ 
ous  medical  problems  des»'rilie<l  by  the  consultants  in  the  first  vohin»e.  the 
chapters  in  this  hook  were  ba.sed  on  the  olwen'ations  of  many  me^lical  officers 
and  were  written  by  physicians  directly  concemetl  with  the  responsibilities 
for  the  care  of  patients  and  the  clinical  investigations  of  their  diseaseji.  These 
men,  peers  in  their  fields,  were  able  to  combine  insight,  jtidgment.  and  expe¬ 
rience  in  such  a  way  that  the  cha|>tprs  in  this  Iwiok  rank  a.s  outstanding  rec¬ 
ords  of  clinical  achievement.  Tie  lapse  of  more  than  1.5  years  liefween  the 
experiences  recounted  here  and  their  publication  in  this  volume  does  not 
detract  from  their  value  or  interest.  Actually,  much  of  this  material  has 
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long  since  appeared  in  our  medical  journals,  but  tins  l)ook  serves  to  bring  it 
together  in  its  proper  relationship  with  place  and  time  in  history.  The  delay 
in  publication  is  not  unprecedented,  since  both  the  ‘‘Metlical  and  Surgical 
History  of  the  War  of  the  Kebellion*’  and  “The  Medical  Department  of  the 
United  States  Anny  in  the  World  War’*  appeared  several  years  after  the 
termination  of  the  Civil  War  and  World  War  1. 

For  those  who  are  concerned  with  military  metlical  history,  it  is  of  in¬ 
terest  to  note  that  World  War  II  was  the  first  great  conflict  in  which  fewer 
of  our  troojjs  died  of  disease  than  of  battle  injuries  and  wounds.  In  the 
Civil  War,  there  were  among  Union  troops  approximately  360,000  deaths, 
and  of  these,  about  ‘>25,000  were  caused  by  various  diseases.  Among  the 
( ‘on federate  troops,  it  was  estimafetl  that  there  were  not  less  than  2tKhOOO 
deaths,  and  of  these,  150,000  were  estimatetl  to  be  due  to  diseases.  Of  fur- 
tl»er  interest  to  the  medical  historian  is  the  changing  importance  of  various 
infections  in  military  activity.  Of  the  three  volumes  comprising  the  “Mwli- 
cal  and  Surgical  History  of  the  War  of  the  Rebellion,”  one  of  them  was 
devoted  solely  to  the  subject  of  the  alvine  Huxes  while  the  other  two.  were 
dexoted,  respectively,  to  statistics  and  clinical  descriptions  of  malaria,  typhoid 
fever,  cerebrospinal  fever,  smallpox,  and  a  number  of  other  acute  infections. 
This  is  also  illustratesl  by  comparison  of  the  mortality  recorded  for  respira- 
tor>'  di.seases  in  “The  .\Ie<lical  Department  of  the  United  States  Army  in  the 
World  War”  and  in  this  volume  dealing  with  World  War  II. 

The  editor  wishes  to  express  his  sincere  thank.s  to  the  countless  metlical 
officers  who  made  the  material  for  these  chapters  available  and  to  the  dis¬ 
tinguished  authors  who  have  written  them.  In  addition,  thanks  are  due 
to  I>r.  Duncan  and  the  entire  Advisorj-  Kditorial  Hoard  for  their  constant 
support  and  to  Uolonel  C’oates  for  his  many  courtesies  and  vigorous  assistance. 
In  particular,  apprw'iation  is  expressed  to  Mias  Eleanor  S.  Cooper,  whose 
tireless  and  painstaking  attention  to  the  preparation  and  editing  of  these 
manuscripts  was  an  invaluable  aid  in  the  compilation  of  this  historj*. 

The  editor  and  the  authors  are  also  greatly  indebted  to  Mr.  E.  I*.  Hamil¬ 
ton,  Chief.  Medical  Statistics  Division.  Office  of  the  Surgeon  General,  Mr. 
.\.  J.  McDowell,  Assistant  Chief,  and  Mr.  M.  C.  Kossoff.  Assistant  Chief, 
Statistical  Analysis  Branch,  who  not  only  provide<l  essential  data  but  also 
checked  and  reviewed  all  statistical  information  contained  herein. 

Finally,  grateful  acknowle«lgTnent  is  made  to  Miss  Janie  W.  William.®. 
Chief,  Publication  Section,  Edilonal  Branch,  The  Historical  Unit,  for  per¬ 
forming  the  final  publications  editing  ami  to  Mis®  Rebecca  J*.  Dubersfein, 
(liief.  Editorial  Section,  Editorial  Branch.  The  Historical  Unit,  for  prepar 
ing  the  index  for  this  volume. 

W*.  r.vri.  Havt.ns.  Jr.,  M.D. 
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CHAFl'ER  I 


Respiratory  Diseases 

Yale  Kneeland,  Jr.,  M.D. 

GENERAL  CONSIDERATIONS 

Diseases  of  the  respiratory  tract  may  be  divided  into  two  groups:  The 
acute  infections  and  the  chronic  diseases  which  my  or  may  not  be  infectious. 
Most  of  these  conditions  will  be  dealt  with  in  this  chapter,  although  certain 
exceptions  will  be  made.  For  example,  in  World  War  II,  the  interrelation¬ 
ship  of  tonsillitis,  scarlet  fever,  rheumatic  disease,  and  nephritis  was  inten¬ 
sively  studied;  the  subject  of  streptococcal  infections  as  a  whole  will  be 
discuii^ed  elsewhere.  Similarly,  two  chronic  infections,  tuberculosis  and  coc¬ 
cidioidomycosis,  will  be  described  by  others.  Lastly,  chronic  sinusitis,  aero- 
otitis,  and  the  like,  are  primarily  the  concern  of  the  otologist  and  will  not 
be  considered  here. 

The  acute  respiratory  diseases  which  immediately  come  to  mind  are  the 
common  cold,  influenza,  and  pneumonia.  These  are  communicated  by  drop¬ 
lets  and  droplet  nuclei  and  are  thus  allied  to  certain  virus  infections,  such 
m  measles,  which  are  also  presumably  transmitted  in  this  way.  Certain 
communicable  di.seases  of  childhood  will  also  be  included  here.  Cerebro¬ 
spinal  fever  an<l  diphtheria,  however,  although  their  portal  of  entry  is  the 
respiratory  tract,  will  be  discussed  elsewhere  in  this  volume.  Clinical  syn¬ 
dromes  of  unknown  etiology,  bizarre  manifestations  occurring  only  in  local¬ 
ized  outbreaks  and  not  generally  recognized  as  disease  entities,  are  not  in¬ 
cluded.  Thb  still  leaves  a  large  field  for  discussion. 

Any  general  consideration  of  disease  in  World  War  II  immediately  in¬ 
vites  comparison  with  the  experience  n  World  War  I.  Exact  comparisons 
of  morbidity  and  mortality  of  acute  respiratory  diseases  in  the  two  wars  are 
not,  however,  ponwible  for  two  ’^asons  First,  more  exact  knowledge  of  the 
disea-sen  led  to  a  change  m  terminology;  and  second,  certain  new  concepts, 
for  example,  that  of  atypical  pneumonia,  evolvetl.  In  spite  of  this,  a  rough 
and  startling  comparison  may  l>e  made  of  the  46,W0  deaths  from  influenza, 
lol>ar  pneumonia,  bronchopneumonia,  bronchitis,  ami  mea-sles  in  the  First 
World  War,‘  roughly  73  percent  of  total  deaths  from  disea«e,  and  the  1,28.*) 
deaths  from  the  same  causes  in  the  Second  World  War  when  an  army  well 
over  twice  the  size  of  that  of  World  War  I  wa.s  m<>bilize<l  for  a  longer  period. 

Factors  which  played  a  role  in  this  extraonlinary  change*  in  itnportar.ee 
of  tiie  disease  just  nwntioned  were  the  advent  of  sulfonamides  and  anti- 
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biotics,  the  absence  of  pandemic  influenza  of  tlie  1918  tyjM?,  an  apparent 
change  in  the  whole  pattern  of  respiratorj'  infection  between  the  wars,  and 
a  greater  degree  of  immunity  to  certain  communicable  diseases  in  the  general 
population.  The  last  was  probably  brought  about  by  greatly  increased  com¬ 
munications  which  lessened  isolation  of  rural  areas.  In  addition,  the  almost 
universal  roentgen  examination  of  the  chest  at  induction  undoubtedly  low¬ 
ered  the  incidence  of  chronic  pulmonary  diseases  found  in  troops  during 
World  War  II. 

In  the  following  pages,  the  occurrence  and  course  of  each  disease  in 
question  during  World  War  11  is  discussed,  with  emphasis  placed  upon  prob¬ 
lems  of  diagnosis,  treatment,  and  general  management  which  were  signiflcant 
in  a  military’  sense.  The  chief  military  significance  of  many  of  the  acute 
communicable  diseases  is  epidemiological,  and  this  aspect  of  the  question  has 
been  exhaustively  presented  in  other  volumes  in  the  history  of  the  Medical 
Department  in  World  War  II.*  It  is  obvious  that  in  many  instances  infor¬ 
mation  will  overlap.  Some  of  the  material  will  of  necessity  be  repetitious. 

Insofar  as  possible,  proper  names  are  avoidetl  in  the  text,  but  where  pub¬ 
lished  material  has  been  drawn  upon,  full  ncknowle<lgment  is  given.  Other 
sources  employed  are  as  follows:  Preliminary  data  from  the  Medical  Statis¬ 
tics  Division,  Oflice  of  the  Surgeon  General;  the  writer's  own  notes  while  he 
served  as  consultant  in  an  oversea  theater;  essential  technical  medical  data 
sent  in  by  various  theater  surgeons;  reports  submitted  by  medical  consultants 
throughout  the  world;  and  other  unpublished  notes,  manuscripts,  and  memo¬ 
randums  in  the  Professional  Service  Division,  Office  of  the  Stirgeon  General. 


Part  I.  Acute  Respiratory  Diseases 
COMMON  UPPER  RESPIRATORY  INFECTION 

Introduction 

The  term  “common  up|)er  respiratory  infection”  includes  a  heterogeneous 
group  of  ill-defined  conditions.  In  fact,  it  is  a  kind  of  scrnpbasket  which 
encompasses  all  the  acute  respiratory  diseases  after  eliminating  the  pneu¬ 
monias  and  influenza.  In  a  general  way,  the  group  includes  the  common 
cold;  nasopharyngitis  which  may  or  may  not  be  due  to  the  influenza  virus; 
infection  of  the  pharynx  and  tonsils  produced  by  certain  micro-organisms, 
such  as  the  hemolytic  streptococcus  and  Vincent's  organisms;  and  bronchi- 

s  (1)  Mrdiral  D«p«rtiin*nt.  United  Slate*  Armjr-  PrerentlTe  lledlelna  In  World  War  II.  Tolnme 
IV.  Communicable  Dlaeaaea  Transmitted  Cblefljr  Tbronirh  Reaplratory  and  AllmenlarT  Tract*. 
Wasbinatoo  ;  U.S.  Government  Prtntina  Oflice.  IKVS.  (2)  Medical  Department.  United  State*  Army. 
Preventive  Medicine  in  World  War  II.  Volume  V.  Communicable  Dtneasea  Tranamitted  Tbronirb 
Contact  or  By  tTnknown  Mean*.  Wasblnfftoo ;  U.S.  Government  Printing  Office.  1960.  <3)  Medical 

Department.  United  Statea  Army.  Preventive  Medicine  In  World  War  II.  Volume  VI.  Commnnl- 
cabia  Dlaeasea:  Malaria.  (In  prena. |  (4)  Medical  Department.  United  State*  Army.  Preven¬ 

tive  Medicine  In  World  War  11.  Volume  VII.  Communicable  DIaeaae* :  Artbropodborne  Dlaeasea 
Other  Than  Malaria.  (In  preparation.] 
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tis.  The  latter  is  a  loose  term  limited  by  some  physicians  to  cases  in  which 
dry  rales  are  audible;  that  is,  the  asthmatic  type,  while  others  may  use  it  to 
describe  an  acute  respiratory  infection  with  substernal  soreness  and  paroxys¬ 
mal  cough.  It  is  probable  that  the  viruses  of  common  respiratory  diseases, 
influenza,  and  atypical  pneumonia  can  all  produce  this  clinical  picture,  and 
it  may  also  be  the  result  of  infection  by  such  organisms  as  pneumococci  or 
Uemophilus  inflxienzae  following  a  cold.  In  any  cases,  it  is  not  an  etiological 
entit> 

I'jie  common  cold  had  been  shown  before  World  War  II  to  be  primar¬ 
ily  a  virus  disease.*  Experimental  s  adies  are  handicapped  by  the  fact  that 
only  man  and  the  anthropoid  ape  are  susceptible  to  the  virus,  and  such  ques¬ 
tions  as  that  of  immunity  and  whether  the  virus  is  an  entity  or  whether 
several  distinct  viruses  exist  were  not  settled.  The  Commission  on  Acute 
Respiratory  Diseases  of  the  Army  Epidemiological  Hoard  (Board  for  the 
Investigation  and  Control  of  Influenza  and  Other  Epidemic  Diseases  in  the 
Army)  during  the  war  undertook,  under  the  direction  of  Dr.  John  H. 
Dingle,  to  investigate  the  transmission  of  common  respiratory  diseases.  Evi¬ 
dence  was  produced^  that  there  are  at  least  two  viruses:  One,  the  coryzal 
type  with  a  short  incubation  period,  producing  little  if  any  active  immunity; 
the  other,  with  a  longer  incubation  period,  giving  rise  to  more  constitutional 
symptoms,  often  attended  by  fever,  and  conferring  immunity  against  homol¬ 
ogous  reinoculation.  The  second  type  came  to  be  known  as  ^‘undifferentiated 
respiratory  disease.”  As  the  number  of  transmission  experiments  was  small, 
there  is  no  information  as  to  the  relative  frequency  of  infection  with  these 
two  agents.  Recent  observations  by  Atlas®  suggest  that  more  viruses  of 
common  respiratory  infection  may  exist. 

The  presence  of  pathogenic  bacteria  in  the  upper  respiratory  tract  adds 
to  the  complexity  of  the  etiology  of  common  respiratory  diseases.  Purulent 
complications,  such  a.s  otitis  and  sinusitis,  are  due  to  bacterial  infection,  but 
there  is  no  proof  of  the  role  played  by  identiflerl  pathogenic  organisms  in  the 
production  of  subacute  catarrhs,  sphenoethmoiditis,  and  the  like.  The  best 
opinion  during  the  war.  confirmetl  by  the  use  of  chemotherapeutic  agents  in 
adults,®  was  that  the  average  cold  is  a  fairly  pure  virus  disease,  but  that  the 
relationship  of  virus  to  bacteria  wa.s  often  not  clear. 

Colds  are,  on  the  whole,  more  serious  in  infants  than  in  adults.  Infants 
usually  develop  a  fever  with  a  cold,  and  complications  are  more  frequent. 

s  Docb«t,  A.  R..  Mill*.  K.  C..  aDd  KDavland.  T.,  Jr.:  StudiM  od  tb«  Common  Cold:  CuIUratlon 
of  VIraa  In  Ttasne  Medium.  J.  Esper.  Med.  93 :  5S0-87V.  April  1S36. 

*  Commlaaton  on  Acute  Reeplratory  Dlaeaeee :  Experimental  Tranamlaalon  of  Minor  Respiratory 
Illness  to  Human  Volunteers  by  Pilter-Passtnit  Apents.  I.  Demonstration  of  Two  Types  of  Illness 
Cbaracterised  by  Long  and  Short  Incubation  Periods  and  Different  Clinical  Features.  II.  Immunity 
In  Relnoculation  With  Agents  From  tbe  Two  Types  of  Minor  Respiratory  Illness  and  From  Primary 
Atypical  Pneumonia.  J.  Clin.  Inrestlgallon  39:  987-973:  974-983.  September  1947. 

»  Atlas.  L.  T. ;  Minor  Respiratory  Diseases  ;  Studies  With  Four  Agents  in  Human  Volunteers. 
Abstract  in  J.  Clin.  Inrestlgatlon  33  :  883-883.  June  1983. 

•  Cecil.  R.  L..  Plummer.  N..  and  Smillle.  W.  O. :  Snlfadlaslne  In  tbe  Treatment  of  tbe  Common 
Cold.  J  A  M  A.  134:  8-14.  1  Jan.  1944. 
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Various  pathogenic  bacteria  are  more  conspicuous  in  cultures  made  from 
children,’  and  this  suggests  that  they  may  have  some  influence  on  the  sever¬ 
ity  of  colds  even  in  the  absence  of  definite  purulent  complications.  Con¬ 
trolled  studies  made  during  the  early  war  years  of  the  use  of  sulfonamides 
in  very  highly  susceptible  children  support  this  concept.® 

It  was  the  writer’s  impression  that  soldiers  reacted  to  common  respira¬ 
tory  diseases  in  a  manner  more  suggestiv'e  of  childhood  than  of  adult  life. 
They  tended  to  develop  fever  of  higher  degree  than  that  seen  in  general  civil¬ 
ian  life.  Youth,  exposure,  and  crowding  probably  contributed  to  this  clini¬ 
cal  pattern.  Incidence  of  infection  with  the  virus  of  undifferentiated  respira- 
torj'  disease  may  have  been  higher  in  the  Army  than  in  civilian  life.  What¬ 
ever  the  reasons,  the  acute  phase  of  the  common  cold  was  apt  to  be  more 
prostrating  to  soldiers  than  to  office-working  civilians.  However,  the  soldier’s 
convalescence  was  usually  rapid. 

Severe  throat  infections  caused  by  the  hemolytic  streptococcus,  scarlet  fever, 
and  rheumatic  fever  will  be  discussed  elsewhere.  However,  a  certain  pro¬ 
portion  of  admissions  to  the  respiratory  service  of  an  Army  hospital  were 
infections  caused  by  this  organism.  Various  complications  to  the  usual  sore 
throat  or  inflammation  of  the  lymphatic  tissue  are  recognized,  but  in  the 
Army  the  most  conunon  was  peritonsillar  cellulitis. 

The  clinical  picture  of  exudative  pharyngitis  is  well  recognized,  and  when 
an  acute  tonsillitis  or  pharyngitis  is  observed  showing  whitish  exudate,  most 
physicians  assume  it  is  caused  by  hemolytic  streptococci.  However,  when 
endemic  exudative  pharyngitis  was  studied  closely  by  the  Commission  on 
Acute  Respiratory  Diseases,”  in  only  about  50  percent  of  cases  could  the 
hemolytic  streptococcus  be  recoverd  on  culture  and  in  only  half  of  these 
was  there  a  rise  in  the  titer  of  streptococcal  antilxKly  during  convalescence 
to  suggest  that  the  organism  was  playing  an  important  role  in  the  disease. 
Since  in  only  25  percent  of  the  cases  of  endemic  exudative  disease  was  the 
laboratory  evidence  for  streptococcal  infection  complete,  the  Commission 
designated  the  other  cases  jus  nonstreptococca.1  exudative  pharyngitis,  and 
some  speculation  occurred  as  to  the  possible  viral  origin  of  this  condition. 
Although,  in  the  aggregate,  cases  of  proved  hemolytic  streptococcal  pharyn¬ 
gitis  differ  clinically  from  the  nonstreptococcal  variety,  mild  cases  may  be 
indistinguishable. 

Vincent’s  organisms  may  also  at  times  produce  throat  lesions  which  re¬ 
semble  streptococcal  infections.  The  appearance  of  a  typical  case  of  so- 
called  Vincent’s  organisms  differed,  however,  from  that  of  a  streptococcal 
infection.  The  thick  pseudomembrane  and  the  tendency  to  ulceration  were 

f  Kneelsnd,  Y.,  Jr.,  and  Dawca,  C.  F. :  Studies  on  the  Common  Cold ;  The  Relationship  of 
Pathogenic  Bacteria  to  Upper  Reapiratorjr  Disease  in  Infants.  J.  Ezper.  Med.  65  :  735-744,  May  1932. 

*  Siegel.  M. :  Studies  on  Control  of  Acute  Infections  of  the  Respiratory  Tract.  II.  Oral  Admin¬ 
istration  of  Sulfadiazine  at  the  Onset  of  Acute  Respiratory  Illness.  Am.  J.  Dis.  Child.  66 :  114-120, 
August  1043. 

•  Commission  on  Acute  Respiratory  Diseases :  Endemic  Exudative  Pharyngitis  and  Tonsillitis ; 
Etiology  and  Clinical  Characteristics.  J.A.M.A.  125:  1163-1169.  26  Aug.  1944. 


RESrillATOKV  DISEASES 


5 


characteristic,  but  differential  diajynosis  was  not  always  possible,  and  it  was 
always  necessary  to  rule  out  diphtheria.  Vincent’s  stomatitis  presented  itself 
often  as  only  a  dental  problem,  but  occasionally  the  throat  was  involved  as 
well  as  the  gums;  likewise,  Vincent's  infection  of  the  throat  without  involve¬ 
ment  of  the  gums  was  also  encountered.  A  comparison  of  the  admission  rates 
for  the  various  designations  of  Vincent's  infection  in  World  Ware  I  and  II 
is  presented  in  table  1. 

Tari.e  1. — Admisiion  rales  for  the  earioua  designations  of  Vincent's  infection  in  the  I'.S.  Army 

during  World  H’nr  I  and  World  It’or  II 
[Kutv  exprvswd  as  number  of  coses  |irr  annum  per  1,000  uveruKc  strength] 


Admission  rate 


OliiKnoattc  terminology 

Worl.l  War  I 

World  War  II 

1942-15 

1942-43 

1944-45 

Trt'iich  niuuth..  . . . . . 

0.  02 

0 

1.  94 

0 

V’incent’s  angina _ _ _ _ _ _ 

‘  1.  56 

0 

0 

0 

Vinct'Ht's  infection  (not  elstt'where  cla.>‘sified) _ 

0 

0 

2.  30 

0 

Vincent’s  infection  (all  forms) . . . . 

‘  1.  58 

3.93 

4.  24 

3.  73 

'  Kniisted  personnel  only. 


Experience  in  the  Continental  United  States 
Noneffectiveness 

Common  upi)er  respiratory  infection  was  the  most  prolific  cause  of  non¬ 
effectiveness  in  the  U.S.  Anny.  A  graphic  representation  of  its  incidence  in 
the  Army  from  1925  to  1945,  inclusive,  would  show  a  sharp  rise  around  the 
beginning  of  each  year.  An  unusual  peak  was  reached  around  the  begin¬ 
ning  of  1941,  when  no  major  general  epidemic  was  prevalent.  This  military 
peak  was  coincident  with  a  rapid  increase  in  mobilization,  the  opening  of 
new  camps,  and  the  hurried  assembly  of  large  numl)ere  of  unseasoned  civilians. 

A  careful  statistical  analysis  presented  by  Dr.  Philip  E.  Sartwell  in 
another  volume  in  the  history  of  the  Medical  Department  in  World  War  II 
shows  that  the  magnitude  of  incidence  of  common  respiratory  diseases  in  any 
area  is  related  to  the  proportion  of  new  recruit.s.’®  It  is  conceivable  that  the 
unexiwcted  increment  of  respiratory  infection  in  recruits  wras  due  to  infec¬ 
tion  with  the  virus  of  undifferentiated  respiratory  disease;  that  is,  the  one 
which  leaves  some  active  immunity  in  its  wake.  The  seasoning  of  troops  is 
of  military’  importance  insofar  as  common  respirator}’  diseases  are  concenied 
as  it  governs  the  amount  of  noneffectiveness  to  be  expected. 

For  the  remainder  of  the  war,  the  curve  of  incidence  of  common  respira¬ 
tory  di.sea.ses  in  the  United  States  was  astonishingly  symmetrical.  At  about 

ioS«e  footnote  2  (1),  p.  2. 
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the  same  time  during  each  war  year,  there  was  a  recurring  peak  of  almost 
the  same  dimension.  Individual  differences  in  type  of  disease  and  frequency 
at  various  stations  were  cancelled  out  hy  the  large  numbers  and  wdde  geo¬ 
graphic  distribution. 

Streptococcal  infections  were  particularly  numerous  in  the  eastern  slopes 
of  the  Rocky  Mountains  and  the  Great  Lakes  area.  Here,  they  were  the  sub¬ 
ject  of  considerable  study  both  in  their  less  conspicuous  form  as  part  of  the 
mosaic  of  common  respiratory  disease  and  when  they  became  epidemic  and 
were  associated  with  scarlet  fever  and  rheumatic  fever.  In  cases  associate<l 
with  common  respiratory  disease,  treatment  varied  in  different  stations.  The 
types  and  amount  of  sulfonamides  employed  differed,  although,  when  avail¬ 
able,  sulfadiazine  was  probably  the  most  widely  used.  Controlled  studies 
in  large  numbers  of  cases  indicated  that  sulfadiazine  had  no  more  effect 
than  the  routine  APC  capsule  on  the  duration  of  the  febrile  period  or  on 
the  length  of  hospital  stay.  In  more  severe  cases,  however,  the  dmg  seemed 
to  limit  spread,  to  lessen  cervical  lymphadenitis,  and  to  prevent  the  develop¬ 
ment  of  frank  abscess. 

A  study  of  air  disinfection  directed  by  the  Army  Epidemiological  Board 
demonstrated  that  certain  glycols,  when  vaporized,  killed  micro-organisms 
and  also  influenza  virus.^®  These  substances  seemed  wholly  nontoxic  in  bac¬ 
tericidal  concentration,  but  their  efficacy  was  influenced  by  environmental 
factors,  such  as  humidity.^*  Under  clinical  conditions,  they  diminished  air¬ 
borne  cross-infection.^®  These  reports  represented  progress  in  the  control  of 
infection,  but  practical  limitations  in  the  application  of  aerosols  prevented 
their  use  in  the  field.  Oiling  floors  and  bedding,  another  method  aimed  at 
reduction  of  airborne  infection,  could  not  be  shown  to  lower  incidence  of 
common  respiratory  infection  at  Fort  Bragg,  X.C. 

In  summary,  common  upper  respiratory  infection,  while  the  commonest 
single  cause  of  military  noneffectiveness,  did  not  seriously  interfere  wdth  the 
training  program.  Prolonged  disability  as  a  sequel  was  almost  entirely  lim¬ 
ited  to  the  streptococcal  infections.  Mortality  was  insignificant. 

Experience  Overseas 

Incidence. — The  “transport  cold’’  was  a  well-known  feature  of  crossing 
the  Atlantic  in  wartime.  Its  widespread  occurrence  could  be  attributed  to 

>1  RiihIj.  II.  A.,  and  van  Ravonxwno.v.  A.  C. :  Siilfndiaaino  in  Roaplratory  Tract  Infections;  Its 
Value  In  Treatment  During  the  Winter  of  1042-1943  at  Jefferson  Barracks,  Missouri.  J..-V.M.A.  122; 
495  49fi.  19  June  1943. 

'2  Robertson.  O.  H..  Bigg.  E..  Miller.  B.  F..  and  Baker,  Z. :  Sterilization  of  Air  by  Certain 
Glycols  Employed  ns  Aerosols.  Science  93:  213-214,  28  Feb.  1041. 

•■I  Robertson,  O.  H.,  Bigg,  E..  Puck.  T.  T..  and  Miller,  B.  F. ;  Protection  of  Mice  Against  Infec¬ 
tion  With  Air-Borne  Influenza  Virus  by  Means  of  Propylene  Glycol  Vapor.  Science  04  ;  612-013. 
26  rK'C.  1941. 

X  Robertson,  O.  H. :  Sterilization  of  .\ir  With  Glycol  Vapors.  Harvey  I.ect.  (1942-1943)  38: 
227-2.54.  104.3. 

•  s  Harris.  T.  N..  and  Stokes.  J..  Jr.;  Air-Borne  Cross-Infection  in  the  Case  of  the  Common  Cold. 
A  Further  Clinical  Study  of  the  I'sc  of  Gl.vcol  Vapors  for  Air  Sterilization.  .\in,  J.M.  Sc.  206  :  631-636. 
November  1943. 
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the  great  crowding,  poor  ventilation,  and  the  bringing  togetlier  of  troops 
from  many  different  units,  thus  introducing  new  infective  strains.  It  was 
commonplace  for  as  high  as  80  percent  of  U.S.  troops  to  contract  a  cold  in 
the  course  of  the  voyage  to  England. 

In  spite  of  the  climate  in  England,  colder  and  damper  than  that  to 
which  Americans  had  been  accustomed,  the  noneffective  rate  due  to  respira¬ 
tory  diseases  was  considerably  lower  there  than  in  the  United  States.  The 
fact  that  U.S.  troops  were  seasoned  when  they  arrived  undoubtedly  contrib¬ 
uted  to  the  lower  rate.  In  some  Americans,  the  cold  had  a  tendency  to  l)e- 
come  chronic,  particularly  during  the  first  year  overseas,  but  usually  there¬ 
after  the  men  had  become  acclimatized,  and  chronic  catarrh  and  cough  were 
much  less  marked.  Individuals  with  a  history  of  recurrent  bronchitis  were 
apt  to  have  difficulty  with  the  English  climate;  in  particular,  any  tendency 
to  asthma  seemed  accentuated.  On  the  whole,  however,  the  health  of  the 
Army  was  excellent,  and  there  was  no  undue  incidence  of  sinusitis. 

The  incidence  of  common  upper  respiratory  disease  and  influenza  in  the 
European  Theater  of  Operations,  U.S.  Army,  pointed  up  the  result  of  sea¬ 
soning  of  troops,  in  November  1943,  at  the  time  of  the  epidemic  of  influ¬ 
enza  A,  the  incidence  was  slightly  higher  than  in  January  1943  when  in¬ 
fluenza  was  not  identified.  After  November  1943,  there  was  a  steady  decline 
so  that  in  June  1944  and  thereafter  throughout  the  winter  of  1945  the  non- 
effective  rate  was  at  a  very  low  level. 

Clinical  features  of  common  upper  respiratory  infection  in  the  Euro¬ 
pean  theater  were  not  remarkable.  Throat  cultures  yielded  moderate  num- 
l)ers  of  higher  type  pneumococci  and  H.  inf/uemae.  The  number  of  hemo¬ 
lytic  streptococcus  carriers  was  not  large,  and  only  sporadic  cases  of  strep¬ 
tococcal  sore  throat  appeared  during  the  winter  months.  The  tendency  to 
develop  peritonsillar  cellulitis  has  been  mentioned.  In  80  percent  of  such 
cases,  the  hemolytic  streptococcus  could  be  cultivated.  The  remaining  20 
percent,  clinically  indistinguishable,  may  represent  cases  of  nonstreptococcal 
exudative  phaiyngitis  with  an  unusual  degree  of  swelling  of  faucial  pillars. 

The  incidence  of  common  respiratory  infection  in  the  Mediterranean 
(formerly  North  African)  Theater  of  Operations,  U.S.  Army,  was  consid¬ 
erably  below  the  average  for  the  European  theater  and  for  the  United  States 
in  1942  and  1943.  In  the  summer  of  1944.  it  was  slightly  higher,  but  at  this 
time  morbidity  elsewhere  was  unusually  low.  Common  respiratory  disease 
presented  one  special  problem  in  the  Mediterranean  theater — the  likelihood 
of  its  being  confused  with  certain  conditions  which  were  endemic  in  the  area, 
particularly  sandfly  fever,  malaria,  and  the  preicteric  stage  of  hepatitis. 
Complications  of  common  respiratory  infections  were  not  conspicuous,  and  a 
total  of  bnt  10  deaths  was  recorded  from  such  purulent  infections  as  menin¬ 
gitis. 

Incidence  of  streptococcal  infections  in  the  Mediterranean  theater  was 
low.  According  to  Circular  I^etter  No.  16,  Headquartei’s,  North  African 
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TluMitev  of  OjHM'iU ions.  Office  of  the  Surfreon,  2*2  Maivh  l‘.>44,  subject:  1*1^1)- 
anition  of  Metlioal  Department  KejM)rts  and  Itecords.  I'.S.  Army,  the  term 
••sttvpt<H’<KTal  sore  throat"  was  applied  oidy  to  acute  pharyn«»itis  and  tonsil¬ 
litis  known  or  suspected  to  la*  caused  hy  the  l)eta  hemolytic  streptococcus, 
and  f<MMllM>rne  ami  milklxu-ne  outbreaks  of  septic  st)iv  throat.  Durin”:  the 
ll-month  periotl  from  1  May  11)44  to  lU  March  1945,  inclusive,  when  stivp- 
tococcal  sore  throat  was  rejmrted  separately,  only  SOJl  cases  were  reported. 
Two  small  outbreaks  were  studied,  one  involving  11*2  men  and  the  other,  38. 
In  lK)th  instance.s,  it  was  thought  that  the  .streptoco<*cul  infection  was  either 
foodbtirne  or  milklmme.  Interestingly  enough,  not  a  single  case  of  scarlet 
fever  develo|)ed  as  a  result  of  these  outbreaks.** 

An  acute  outbreak  of  membranous  pharyngitis  in  Sicily,  in  October 
1943,  involved  IMl  men,  fiO  of  whom  were  rejwrted  by  the  local  civilian  lab¬ 
oratories  as  having  throat  cultures  |M)sitive  for  Corynehacterium  diphtheriae. 
Subse<iuent  investigation  by  the  staff  of  the  1.5th  Medical  General  I.aboratory, 
Naples,  Italy,  threw  doubt  on  the  diagnosis  of  diphtheria  in  this  outbreak, 
and  the  theater  con.stdtant  in  medicine  later  expressed  the  opinion  that  in  all 
probability  it  was  of  st reptm*occic  origin.  The  epidemic  was  explosive  and 
had  the  <harji<*ter  of  a  footUM>me  or  milklmrne  infection. 

Vincent’s  angina  (as  di.stinct  from  stomatitis  or  trench  mouth)  was  re¬ 
ported  oidy  990  times  from  the  Mediterranean  theater.  Neverthele.ss,  the 
estimate<l  admissions  for  the  various  tyjws  of  Vincent’s  infection  numbered 
alK>ut  *2,800. 

The  admission  rate  for  common  respiratory  infection  in  U.S.  Army 
Forces.  (’hina-Ihirma-India,  was  comparable  with  that  observed  in  temi>er- 
ate  climates,  although  the  curve  of  incidence  was  relatively  devoid  of  seasonal 
jjeaks.  t’linical  characteristics  were  stated  to  be  astonishingly  similar  to  those 
mite<l  in  the  United  States,  and  the  complications  as  frequent. 

The  Pacilic  area  is  so  vast  that  gtmeralizations  alxMit  disease  therein 
wouhl  l»e  dangerous.  Conditions  in  parts  of  Australia  are  quite  similar  to 
those  in  tein{)erate  regions  elsewhere,  and  common  uj>i>er  respiratory  infec¬ 
tion  conformed  to  the  familiar  t>atteni.  On  small  tropical  islands,  however, 
the  incidence  was  stated  to  l)e  much  less  under  normal  conditions,  rising 
sharply  with  the  arrival  of  large  nuinl)ers  of  tr«K>p.s.  Studies  have  Iteen  re- 
l)orted  from  such  areas  indicating  that  the  bacterial  flora  was  different  from 
that  noted  in  temperate  climates.  One  stinly,**  for  instance,  included  27*2 
throat  and  sputum  cultures  in  which  pneumococci  were  found  only  7  times. 
It  was  stated  in  this  report  that  pneumonia  was  very  infrequent. 


•0  R,-|>ort  [Final],  t-f-  Col.  Danlol  W.  Myrra,  MC.  nnit  MnJ.  Edwanl  doS.  Miltthewa,  MC.  MTOITSA. 
f«  oiBo**  of  lli*>  Siirp*on  Gonoral.  »ubj,>ct  :  Roaplratory  I>lMPaiM>H  In  tho  Modltorranean  Theater  of  Opera- 
tiioia,  1945. 

>1  Xorrl*.  R.  F. :  Sympoaliim  on  Ree*>nt  Advanrea  In  Medicine;  Obaervationa  on  the  Rpidemlology 
and  nacterloloKy  of  Acute  Reapiratory  Tract  Infections  Amoiift  the  Armed  Korcea  of  the  Tropical  South 
Fnciflc.  M.  Clin.  North  America  28:  1418  1427.  November  1944. 
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Two  U.8.  Navy  ol)servei's  ***  stated  tliat  at  least  50  jjercent  of  the  vases 
of  <“atarrhal  fever  in  a  South  Paeitic  Area  showed  asthmalike  manifesta¬ 
tions.  An  eosinopliilia  of  S  to  10  iiercent  was  a  common  finding.  The  sig¬ 
nificance  is  obsciu’e  unless  it  is  related  to  the  high  incidence  of  allergic  dis¬ 
orders  in  the  Tropics.^® 

Treatment. — Treatment  of  common  upper  respiratory  infections  was 
symptomatic  and  lacked  uniformity.  Apart  from  streptococcal  and  Vincent's 
infections,  tins  gi'oup  is  not  susceptible  to  chemotherapy.  Nevertheless,  it  is 
unquestionable  that  a  great  many  viral  infections  were  treated  with  sulfa¬ 
diazine.  The  greater  the  experience  of  the  medical  officer,  and  the  better  his 
facilities  for  laboratory  diagnosis,  the  less  unnecessary  sulfonamides  were 
administered.  The  Professional  Service  Division  advised  that  sulfonamides 
should  not  be  employed  as  a  routine  measure  in  the  absence  of  definite  in¬ 
dications.  In  doubtful  cases,  however,  it  seemed  wise  to  prescribe  them.  If 
certain  indications  were  present,  such  as  leukocytosis,  symptoms  of  otitis 
media,  the  presence  of  pneumococci  in  the  sputum,  or  the  clinical  features  of 
acute  tonsillitis,  sidfonamides,  and  particularly  sulfadiazine,  were  employed. 

Sulfadiazine  was  used  in  the  treatment  of  recognized  streptococcal  in¬ 
fections  with  prompt  effect.  It  was  likewise  employed  in  Vincent's  infection. 

In  the  winter  of  1945.  studies  were  made,  in  a  number  of  hospitals  in 
England,  of  the  effect  of  local  penicillin  therapy,  either  in  the  form  of  a 
throat  spray  or  more  frequently  of  lozenges  containing  500  units  of  ])eui(*il- 
lin.  Results  in  streptococcal  infections  were  disappointing.  The  use  of  in¬ 
tramuscular  penicillin  was  also  reported  in  a  few  hospitals.  Its  effects  in 
streptococcal  infection  were  said  to  re.semble  those  with  sulfadiazine.  I^)cal 
and  intramuscular  penicillin  gave  striking  results  in  Vincent's  infections  in 
reiwrts  from  England,  hut  variable  residts  were  obtained  in  a  small  numl)er 
of  ca.ses  of  Vincent's  angina  when  penicillin  was  used  intramuscularly  in  the 
Mediterranean  theater. 


INFLUENZA 

Introduction 

The  word  “influenza"  has  l)een  in  general  English  usage  since  the  lOth 
century  to  designate  irregidarly  recurring,  widespread  visitations  of  respira¬ 
tory  <liseases.  explosive  in  character  and  often  associated  with  considerable 
mortality.  Its  recognition,  until  the  introtluction  of  the  new  serological 
methods,  rested  upon  epidemiological  and  not  clinical  grounds,  and  one  could 
not  speak  of  an  isolated  case. 

Gootl  clinical  descriptions  of  these  outbreaks  are  available.  Worldwide 
attention  was  directe<l  to  the  disease  in  1HS9  liecause  of  its  high  incidence 

Schnoierson,  S.  J..  nnci  Wilson.  W.  A. :  riiiiHuni  Foiitnro  of  Respiratory  Infections  in  n  South 
Pacltlc  Area.  I'.S.  Nav.  M.  Bull.  44  :  1010  1012.  May  194.’}. 

in  Tonnjt.  C.  T..  Cook.  W.  R..  aiul  Kawasaki,  I.  A.:  .\lleritle  Rhinitis  and  Asthma  in  Hawaii.  War 
Me«l.  .1 :  282  290.  March  194.1. 
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ulul  the  ivlatively  fm|uent  n^iK'iution  with  fatal  pneumonia  during  tliat 
epidemic.  The  influenza  bacillus,  isolated  hy  Pfeiffer  fi*om  a  number  of  those 
fatal  cases,  was  regarded  for  some  yeare  as  the  cause  of  the  disease.  Pan¬ 
demic  influenza  iwisited  the  world  in  a  moi'e  devastating  form  in  1918,  to¬ 
ward  the  eml  of  the  First  World  War.  Incidence  was  very  high,  distribu¬ 
tion  global,  and  the  mortality  appalling.  In  the  U.S.  Army  alone,  24,604 
deaths  were  attributed  to  the  disease,  and  the  number  of  deaths  throughout 
the  world  ran  into  millions.™  This  catastrophe  gjive  ri.se  to  a  most  intensive 
scientific  investigation  of  the  disease  which  ivvealed  that  the  Pfeiffer  bacillus 
could  not  be  found  in  many  typical  cases  of  influenzal  pneumonia.  These 
pneumonias  usually  had  a  mi.xed  bacterial  floni,  among  which  pneum<x‘<K*ci 
and  streptococci  were  prominent.  The  conclusion  became  inescapable  that 
some  wholly  different  agent,  not  recognizable  by  ordinary  bacteriologic  mean.s, 
was  the  primary  cause  of  the  pandemic;  that  this  agent,  while  occasionally 
killing  in  a  few  hours,  usually  produced  its  lethal  effect  by  paving  the  way 
for  a  secondary  bacterial  pneumonia;  and  that  the  agent  was  often,  though 
not  always,  accompanied  by  Pfeiffers  bacillus.  If  this  agent  were  not  bac¬ 
terial,  it  must  be  in  the  category  of  the  filterable  viruses. 

The  highest  mortality  of  the  1918  pandemic  was  in  the  age  group  l)e- 
tween  20  and  35  years.  Susceptibility  to  the  most  severe  form  of  the  disease 
seemed  to  increase  with  age  until  about  35  years,  when  it  fell  off  sharply. 
This  suggests  that  exposure  to  the  primary  agent  in  1889  may  have  increased 
resistance  in  1918  and  that  the  two  pandemics  were  caused  by  the  same  virus. 

llefore  and  after  the  influenza  outbreak  of  1918,  epidemic  waves  of  acute 
respiratory  diseases  occurred  which  were  clinically  indistinguishable  from 
mild  cases  in  the  pandemic.  However,  in  these  outbreaks,  cases  were  uncom¬ 
plicated  and  mortality  was  nil.  These  epidemics  were  called  influenza  of  the 
interpandemic  type  or  simply  epidemic  influenza. 

Intensive  study  of  epidemic  influenza  (luring  the  past  15  years  was  be¬ 
gun  in  England  where  the  first  succe.ssful  isolation  of  a  virus  capable  of 
infecting  lalxinitory  animals  was  achieved.  Investigators  throughout  the 
world  have  contributed  to  the  work,  the  principal  ones  l)eing  Andrewes  in 
England.  Francis  in  the  Ignited  States,  Burnet  in  Australia,  and  Smorodint- 
sev  in  Russia.  From  these  re.searches,  a  fairly  clear  pattern  has  emerged 
although  there  remain  di.stinct  gaps  in  our  understanding  of  the  di.sease. 

Two  causative  agents  have  lieen  identified.  Influenza  A  virus,  the  first 
to  be  recognized,  gives  rise  to  epidemics  which,  in  the  Northern  Hemisphere, 
tend  to  occur  biennially  in  odd-numliei'ed  years  in  the  wdnter  months,  with 
larger  outbreaks  every  fourth  year.  Recent  studies  have  shown  that  influ¬ 
enza  A  is  a  group  of  which  the  various  agents  ai’e  related  but  immunolog- 
ically  di.‘itinguishable. 

w  Tlu-  Mpaioal  IVpnrtnipnt  of  flip  I'nifpil  SIiiIpm  .Vriiiy  tii  flip  World  Wiir.  Wflsliliif'ton  ;  Govern¬ 
ment  rrintInK  offlc**,  vol.  XV.  pt.  2.  p.  i:U. 
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Influenza  B  virus  has  appeared  less  I'egularly  and  less  explosively  and 
has  caused  less  severe  epidemics.  It  was  first  identified  in  the  United  States 
in  1940,  and  retrospective  study  of  sera  saved  from  the  1936  epidemic  of 
influenza  found  them  to  contain  antibodies  to  this  virus.  Clinically,  it  can¬ 
not  be  distinguished  from  the  disease  caused  by  influenza  A.  Identification 
may  be  by  isolation  of  the  virus  or  by  demonstrating  a  rise  in  titer  of  anti¬ 
body  to  one  of  the  two  viruses  following  an  attack.  However,  in  some  cases 
of  influenza,  identification  of  neither  virus  can  be  made.  On  the  other  hand, 
during  an  epidemic  of  one  type,  a  significant  proportion  of  sera  may  later 
show  evidence  of  infection  by  the  other  type.*^ 

Exceptions  to  the  general  statement  that  epidemic  influenza  tends  to  be 
mild  must  be  noted.  For  example,  in  Boston,  Mass.,  in  December  1940  and 
January  1941,  66  cases  of  staphylococcal  pneumonia  with  21  deaths  occurred 
with  coincident  infection  with  influenza  A  in  many  of  these.^®  The  Commis¬ 
sion  on  Acute  Respiratory  Diseases  i-ecorded  an  outbreak  of  tyjje  I  pneumo¬ 
coccal  infection  in  Northville,  N.Y.,  related  to  influenza  B  infection.-®  In  a 
station  such  as  the  Army  Air  Force  Technical  School  at  Sioux  Falls,  S.  Dak., 
the  already  constant,  rather  high  incidence  of  lobar  pneumonia  rose  when 
influenza  appeared. 

Active  immunity  acquired  during  an  attack  of  influenza  appears  from 
clinical  and  serological  evidence  to  be  of  short  duration.  Complete  corrala- 
tion  between  the  level  of  serological  immunity  and  susceptibility  to  the  dis¬ 
ease  is  not  possible  although  the  Commission  found  some  evidence  that  pa¬ 
tients  with  initially  low  antibody  titer  tended  to  be  more  severely  ill  than 
those  with  an  initially  high  titer.  Reference  will  be  made  later  to  the 
first  large-scale  attempt  at  active  immunization  of  Army  personnel  with  arti¬ 
ficially  cultivated  influenza  vaccine.®* 

What  light  do  these  studies  of  influenza  throw  upon  the  pandemic  of 
1918?  Slight  epidemiological  evidence  that  the  pandemics  of  1889  and  1918 
were  caused  by  the  same  agent  and  that  therefore  the  interpandemic  variety 
is  immunol(^ically  distinct  has  been  mentioned.  On  the  other  hand,  Shope’s 
work  on  swine  influenza,  a  persistent  disease  which  first  appeared  in  1918, 
has  suggested  another  hypothesis.  The  virus  of  swine  influenza  is  related  to, 
but  not  identical  with,  influenza  A  virus.  If  it  is  in  reality  a  survival  in 
another  species  of  the  1918  human  influenza,  then  one  may  suppose  that 
pandemic  and  interpandemic  influenza  are  related.  These  questions  may  be 
answered  if  another  pandemic  appears.  Had  such  an  event  transpired  dur¬ 
ing  World  War  II,  it  would  likely  not  have  created  the  disaster  of  1918 

31  Luah,  D.,  Stuart-Harrla,  C.  H.,  and  Andrewea,  C.  H. ;  The  Occurrence  of  Influenza  B  in  Southern 
England.  Brit.  J.  Ezper.  Path.  22  :  302-304,  December  1941. 

33  Finland,  M.,  Petergon,  O.  L.,  and  Strauss,  E. :  Staphylococcic  Pneumonia  Occurring  During  an 
Epidemic  of  Influenza.  Arch.  Int.  Med.  70:  183-205,  August  1942. 

39  Commission  on  Acute  Respiratory  Diseases  and  the  New  York  State  Department  of  Health  : 
The  Relation  Between  Epidemics  of  Acute  Bacterial  Pneumonia  and  Influenza.  Science  102  :  561-563, 
30  Not.  1945. 

2-*  See  footnote  19,  p.  9. 
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beciuise  complications  and  therefore  mortality  mi^lit  have  Ijeen  very  favor¬ 
ably  affected  by  chemotherapy  and  antibiotic  treatnient. 

For  a  complete  account  of  the  epidemiology  of  influenza  during  World 
War  II,  the  reader  is  referred  to  the  chapter  by  Dr.  Thomas  Francis,  Jr., 
in  another  volume  in  the  history  of  the  Medical  Department  in  Worhl  War 
II.-'  In  the  ensuing  paragraphs,  only  the  highlights  most  relevant  to  the 
interests  of  the  Professional  Service  Division  will  be  presented. 

Experience  in  the  Continental  United  States 

Influenza  was  epidemic  in  the  winter  of  1940-41,  but  the  major  epidemic 
t(K)k  place  at  the  end  of  1943.  It  was  explosive  in  character,  but  not  all  parts 
of  the  country  were  simultaneously  affected.  It  is  of  interest  that  evidence 
of  infection  with  influenza  A  virus  was  found  in  three  patients  in  May  in  a 
station  hospital  in  Michigan,  and  on  18  November,  at  the  very  beginning  of 
the  epidemic,  the  stune  virus  was  recovered  from  two  patients  also  in  Michi- 
gan.'"  Thereafter,  during  the  epidemic,  influenza  A  appeared  in  various 
parts  of  the  country.  As  in  other  epidemics,  in  a  number  of  clinically  typi¬ 
cal  cases,  no  rise  in  antibody  titer  to  influenza  A  virus  could  be  demonstrated, 
and  thei-e  were  rare  cases  in  which  influenza  B  virus  appeared  to  be  involved. 

The  epidemic  was  fairly  widespread,  both  in  the  Army  and  among  civil¬ 
ians,  but  like  other  outbreaks  of  the  interpandemic  type,  the  disease  was  of 
very  short  dunition,  rather  mild  in  character,  and  generally  uncomplicated. 
Extensive  clinical  and  serological  studies  were  made  by  the  (Commission  at 
Fort  Bragg.**  Some  of  the  conclusions  drawn  are  as  follows:  Influenza  with 
typical  features — sudden  onset,  severe  malai.se,  painful  eyeballs,  flushed  face, 
injected  eyes,  high  fever,  and  leukoi)enia — m’curred  as  a  clinical  entity  in 
oidy  about  half  the  serologically  proved  cases.  Moreover,  certain  cases  of 
undifferentiated  respiratory  disease,  prevalent  at  the  time,  presented  the  .same 
<  harncteri.stics.  In  the  aggregate,  there  were  significant  differences  l)etween 
undifferentiated  respiratory  disease  and  influenza,  but  individual  cases  could 
not  l>e  distinguished  clinically. 

In  some  areas,  the  1943  influenza  epidemic  assumed  a  slightly  more 
severe  character.  An  example  of  this  occurred  at  the  Army  Air  Force  Tech¬ 
nical  School  in  Siou.x  Falls  where  the  first  definite  case  was  noted  on  22 
Noveml)er.  Following  this,  the  incidence,  rose  very  sharply,  the  peak  being 
reached  l)etween  29  November  and  1  December.  Respiratory  disease  admis¬ 
sions  per  1,0(X)  per  week  for  the  4  weeks  beginning  14  November  through 
the  week  beginning  5  December  were:  7.8,  13.7,  99.0,  and  19.6,  respectively. 
Altogether,  11.1  j)ercent  of  the  school  {wpulation  was  affected.  Age,  length 

- j  Soe  footnote  2  ( 1 ) .  p.  2. 

Salk.  J.  E.,  Monk**,  W.  J.,  iiii<]  I'rnncli*.  T.,  Jr.  :  Identiflcatlon  of  Influenza  Type  A  in  the  Current 
Outbreak  of  Reapiratory  Diaeaae.  .I.A.M..\.  124  :  03,  8  Jiiii.  1044. 

27  Commtsalon  on  Acute  Roaplratory  Dfaeaaea :  StiitileM  of  the  1043  EpUlenilc  of  Influenza  A. 
II.  Coniparlaon  of  the  Clinical  and  l.iiborntory  Charneterlatlca  of  Influenza  A  and  L'ndllferentlated 
Acute  Reapiratory  Oiseaae  (ARP).  Am.  J.  Ilysr.  48;  203-275.  Xoveinber  1948. 
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of  service,  and  duration  of  stay  at  the  j>ost  had  no  detectable  etfect  iijion 
susceptibility.  Clinically,  the  cases  were  typical  of  influenza;  throat  cultures 
on  137  patients  showed  hemolytic  streptm'occi  in  17  and  pnemnococci  in  7. 
There  was  no  evidence  that  the  epidemic  en{»endered  the  spread  of  beta  hemo¬ 
lytic  stivptococci. 

Associated  pneumonitis  was  sjiid  to  be  pi*esent  in  5,8  percent  of  the 
patients.  In  these  cases,  onset  and  .symptoms  were  similar  to  the  uncompli¬ 
cated  ones,  but  the  di.sease  was  moi-e  .sevei'e,  the  fever  hijiher  and  of  slijrhtly 
longer  dunition  (3.2  days  avenige),  aiul  there  were  rales  at  the  bases  to¬ 
gether  with  X-ray  changes.  There  was  no  ass<K*iated  leukocytosis,  and  sul¬ 
fonamides  did  not  shorten  the  duration  of  fever.  Influenzal  pneumonia — 
which  this  picture  most  a.ssuredly  suggests — has  lieen  very  uncommonly  found 
elsewhere.  In  addition,  at  Siou.x  Falls,  there  was  a  sharp  rise  (from  1,5  to 
nearly  5  (wr  1,000)  in  the  weekly  incidence  of  lobar  pneumonia,  the  i)eak 
cori*es ponding  precisely  with  that  of  influenza. 

liy  1043,  the  production  of  a  vaccine  made  with  artificially  cultivated 
influenza  virus  had  l)een  greatly  improved,  and  a  quantity  of  material  con¬ 
taining  both  the  A  and  li  viruses  was  available  for  te.sting  during  the  epi¬ 
demic.  Vaccination  of  man  with  IkuIi  the  A  and  11  viruses  had  been  shown 
not  only  to  stimulate  the  piwluction  of  antibodies  but  also  to  induce  con¬ 
siderable  immunity  against  the  artificially  induced  disease.®*  The  active 
immunity  to  type  A  was  apparently  of  shorter  dunition  than  to  type  B,  as 
those  vaccinated  with  the  former  4  months  befoie  the  test  were  considerably 
more  susceptible  than  those  vaccinated  2  weeks  liefore.  A  large-scale  trial 
seemed  warranted.  By  great  good  fortune,  some  6,263  students  in  the  Army 
Sfiecialized  Training  Prognim  were  vaccinated  just  before  the  epidemic. 
The  subsequent  incidence  of  influenza  was  significantly  less  than  that  in  6.211 
controls,  the  ratio  lieing  1:3.2,®® 

Kvidence  of  influenza  B  infection  was  established  in  local  outbreaks  in 
different  jiarts  of  the  continental  I'nited  States,  in  the  Canal  Zone,  Alaska, 
and  Hawaii  in  the  spring  of  11)45.  The  occurrence  of  some  influenza  in  the 
spring  was  reminiscent  of  the  year  1918,  and  this  led  the  chairman  of  the 
Army  Epidemiological  Board  to  recommend  that  the  entire  Army  lie  va<*ci- 
nated.  The  proposal  was  approved  by  The  Surgeon  General,  U.S.  Army, 
and  was  carried  out  in  October  1945.  From  this  uncontrolled  experiment, 
two  conclusions*®  could  be  drawn  by  comparing  disease  rates  in  the  Army 
with  those  of  unvaccinated  U.S.  Navy  jiersonnel.  The  first  was  that  mass 

2"  ( 1  I  Francis,  T..  Jr..  Salk.  J.  E..  lVnr»<>n.  H.  E..  nn«l  Brown,  P.  N. ;  Protective  Effect  of  Vaccina¬ 
tion  .Xeninxt  Induced  Inflitenxa  A.  Proc.  S(m-.  Exper.  Biol.  &  Sled.  5.1:  104-10.'i.  February  1944. 
(2)  Salk,  J.  E..  Pearson.  H.  E..  Brown.  P.  N..  and  Francis.  T..  Jr.  ;  Protective  Effect  of  Vaccination 
Aealnst  Induced  Influenza  B.  Proc.  Soc.  Ex|M‘r.  Biol.  &  .1.1:  100-107,  February  1944. 

20  Cninnilsslon  on  Influenza  :  A  Clinical  Evnliintlon  of  Vaccination  Afralnst  Influenza  ;  Preliminary 
Report.  J.A.M.A.  124:  982  9R.1.  1  Apr.  1944. 

■■•0  (1)  Francis,  T..  Jr..  Salk.  J.  E.,  and  Brace.  W.  M. :  The  Protective  Effect  of  Vaccination  ARninst 
Epidemic  Influenza  B.  J.A.M.A.  191  :  275-278.  25  May  1940.  (2)  Hirst.  O.  K..  Vllcbes.  A.,  RoRers,  O.. 

and  Robbins.  C.  I..:  The  Effect  of  Vaccination  on  the  Incidence  of  Influenza  B.  Am.  J.  Hygr.  45: 
90-101.  January  1947. 
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viu'oiaatioii  hiul  exerted  ;i  detiaitely  pralective  etfect  ia  lawerinfr  aiortulity, 
aad  the  secoad,  that  iatiaea/a  ii  was  a  la'tter  iauauiti/dajr  a^eat  thaa  iafiu- 
eaza  A. 


Experience  Overseas 

European  theater 

The  history  iaflueaza  ia  the  U.S.  Army  ia  tlie  Europeaa  theater  is 
extraordinarily  iatei-estinj?  ia  the  lijtht  of  wljat  mijjht  have  hapfHMied.  Siaee 
I'.Kll,  epidemics  had  <Hn‘urred  in  Enjilaad  ia  the  otld-namlH-ivd  years  with  a 
larger  wave  every  fourth  year.  Had  this  st'hedale  lH*ea  maiataiaed.  a  uhmI- 
erate  outiireak  w»)ul<l  have  <K*«‘urre<l  ia  Januaiy  194.‘J  and  a  more  seveix*  one 
ia  January  194r>.  Tlie  former  wouhl  not  have  l)eea  st'rious  as  hos])ital  facili¬ 
ties  in  Kajj^laad  were  mon>  thaa  adtHpuite  to  care  for  ah  tnxips  then  sta- 
tioae<l  there.  However,  ia  li>45,  hospitals  were  alrea<ly  HIIe<l  l»eyoatl  normal 
capacity.  A  sharp  epi<lemi<‘  at  that  time  would  Inive  been  extremely  diilicult 
to  co{)e  with  and  its  effect  ui>on  the  military  situation  would  have  l»eea 
jjfrave.  It  is  not  known  why  the  epidemic  ditl  not  occur. 

There  is  seldom  a  complete  explanation  of  any  epidemiolopical  phe¬ 
nomenon.  In  this  instance,  the  events  were  as  follows:  The  January  1943 
epidemic  did  not  take  place;  it  was  delayed  10  months,  until  Xovemher.  when 
a  sharp,  widespread  epidemic  develoj)e<l.  The  rhythmic  pattern  of  influenza 
was  thus  disturlxHi.  I^Ate  in  1944,  the  senior  consultatif  in  infec'tious  diseases, 
Kuro|M‘nn  theater,  ventured  to  pretlict  to  the  sur^jeon.  raitetl  Kia^rdom  Hase, 
that  iafluen/.a  would  not  o-cur  in  194r).  Partly  as  a  result  of  this  i>oini  of 
view,  many  hospitalized  patients  with  trenchfoot  wer«‘  retaineil  for  duty  ia 
the  theater  rather  than  Ihmu^  Iswinleil  home  in  order  to  increase  the  numlier 
of  available  hospital  l>eds.  It  re<pdre<l  some  fortitude  to  make  the  predic¬ 
tion  of  a  healthy  winter  from  the  respiratory  standimiat,  hut.  minihile  tliciu, 
precisely  this  came  to  puss,  and  the  I’.S.  Army  went  thnniph  the  most  crit¬ 
ical  periml  of  the  winter  cam|>aiji;n  with  an  extraordinarily  low  aoaeff«M*iive 
rate  due  to  respiratory  «lisease. 

Actually,  the  prediction  was  bnse<I  on  fairly  sound  epidemiolopical  and 
immunoloiiicni  reasoaini;.  It  has  lieen  (lemonstrated  that  <’onsidemh]e  im¬ 
munity  is  left  by  epidemic  influenza  and  that  outhn'aks  of  the  iaterpandemic 
ty[)e  <x’cur  at  least  '2  years  apart.  The  delay  in  np|X‘amiu*e  of  influenza  in 
1943  deflei’ted  what  wotd<l  have  l>een  an  almost  intolerable  extra  hunlea  in 
194r>  at  a  time  wdien  rne<lical  facilities  were  badly  .strained. 

Observations  made  by  English  investigators’*  on  the  liehavior  of  the 
influenza  viruses  may  lx*  briefly  summarized,  as  follows:  .Vllhough  no  epi¬ 
demic  occurred  in  the  winter  of  IJM.’l.  a  few  sjx»radic  ca.ses  of  influenza 
.showed  rise  in  antilxxly  tiler  to  influenza  H.  In  the  spring  an«l  summer,  a 
few'  cases  were  noted  with  influenza  A.  This  i.s  a  very  unusual  time  for 

Stuart  Hnrrlii.  C.  tl..  Oinrpr.  R.  K..  anil  MUta.  K.  C.  ;  tnfltirnia  In  Rrltnln.  I1H2  4X,  Laarvt  2; 
71X»  71)a.  2.'’.  ru..-.  104.1. 
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Hiuling  eviiU'i  of  inftuen/a  A  infection.  Then  when  the  widespi-eiol  epi- 
(leinic  took  place  in  Noveinl)er.  influenzn  A  was  incriminated  in  many  sec¬ 
tions  of  the  country. 

Influenza  in  the  U.S.  Army  paralleled  this  disease  in  the  British  civilian 
|>opulation.  The  incidence  of  all  respiratory  infections  in  the  U.S.  Army 
in  the  European  theater  reached  a  sudden  jjeak  in  November  1943.  with 
almost  as  rapid  a  fall  to  a  point  somewhat  above  the  preepidemic  level,  and 
a  subse<}uent  slower  decline  through  the  winter  months.  By  June,  at  the 
time  of  the  inva.sion,  the  incidence  was  extremely  low,  and  it  remained  low. 
with  much  less  than  the  exjjectetl  seasonal  upturn,  through  the  winter  of 
1945. 

The  great  bulk  of  the  cases  on  whith  this  ettrve  is  bustnl  fall  into  the 
category  called  common  upi>er  respiratory  infection.  That  the  striking  i)eak 
of  November  1943  represents  su|>eradded  influenza  is  presumetl  becaust'  of 
the  explosive  character  of  the  epidemic,  its  clinical  features,  and  serological 
evidence.  Tests  were  not  <lone  on  a  large  scale  in  the  Army,  but  a  sufficient 
number  of  sera  from  different  parts  of  the  country  were  examined  to  show 
that  the  Army  experience  was  quite  similar  to  British  civilian  exj^erience; 
that  is,  a  majority  showed  a  rise  in  titer  to  influenza  A  virus. 

In  the  Army,  as  nith  civilians  in  Knirland  and  elsewhere,  all  influenza 
encountered  during  World  War  11  was  mild  ami  uncomplicateil.  The  pa¬ 
tients  were  moderately,  not  severely,  prostratetl,  and  the  disease  was  a  short 
one  with  a  febrile  course  of  2  or  3  days.  To  all  intents  and  puriioses,  pneu¬ 
monia  dill  not  o<cur.  Influenzal  pneumonia  of  the  1918  tvjie  was  not  st‘en. 
A  reporteil  increase  in  civilian  deaths  in  England  was  found  by  the  Ministry 
of  Health  to  be  due  to  an  mcreaseil  mortality  caused  by  such  conditions  as 
congestive  heart  failure,  a.ssociate<t  with  the  general  rise  in  the  respiratory 
disease  rate.  In  the  U.S.  Army,  no  deaths  were  attributed  to  influenzal 
pneumonia.  A  few  complications,  such  as  otitis  and  sinusitis  were  obsm  veil, 
but  they  wei-e  not  coirspicuous. 

.Vs  for  the  clinical  features  of  the  ejmlemic.  the  familiar  synqiloms 
were  encountered  in  many  ca^'s.  However,  the  writer  was  more  imjuvsseil 
with  the  widespread  character  of  the  disease  than  by  its  uniformity  of  Ik>- 
havior.  As  he  had  ol>served  in  other  epidemics  of  influenzn.  a  typical  case 
was  hard  to  define.  For  exam|»le.  at  an  airba.se  in  East  .Vnglia  in  NovemlH*r 
1943,  a  large  numl>er  of  patients  wei-e  freateil,  but  many  of  thi*s»>  had  |H*r- 
sistent  cohls  caught  on  their  rei’ent  trans|M>rt  voyage,  and  common  up|M‘r 
respiratorv'  disease  confused  the  picture  of  sudden  »Mitbn*ak  nf  inHuenza. 

Mediterranean  theater 

Maj.  (later  Lt.  Col.)  Daniel  W.  .Myers.  .MU.  and  C’apt.  (later  Lt.  Uol.) 
Edward  deS.  Matthews,  M(\  stated  in  flieir  rejKirt  on  |■espiratorv  di.sMises 

*3  AnrtO'irt'*,  C.  If  .  unit  R  K.  Inltm-n*  Oiiibo'iik  of  Orfolfc'r  n>s-«*inb»*r.  1043.  Tjin- 
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ill  the  MiHliterranean  theater;  ‘‘liiHuenza  was  reported  11,094  times  in 
MTOrSA,  tliiis  apparently  making  up  r>.9  percent  of  common  respiratory 
infections;  liowever,  it  is  doubtful  whetlier  true  influenza  was  encountered 
in  MTOUSA.”^  The  authors  mention  the  fallacy  of  making  the  diagnosis 
solely  upon  clinical  criteria,  as  the  same  symptoms  occurred  in  other  diseases, 
such  as  sandfly  fever,  malaria,  and  hepatitis,  prevalent  in  the  theater.  There 
were  no  reports  of  geometric  increase  in  freipiency  of  influenza-like  respira¬ 
tory  disease  from  any  organization  in  this  theater  and  incidence  of  acute 
common  respiratory  diseases  remained  within  expected  seasonal  range.  He- 
cause  of  lack  of  sufficient  indication,  influenzal  virus  studies  were  not  at¬ 
tempted  on  a  large  scale.  It  is  noteworthy,  however,  that  by  far  the  higlust 
peak  for  the  annual  rate  of  common  respiratory  disease  (nearly  300)  oc¬ 
curred  in  January  1944  only  very  slightly  after  the  epidemic  of  influenza  A 
in  England  and  the  United  States.  It  seems  unlikely  that  the  Mediterranean 
theater  .should  have  completely  e.scaped  so  wide.spread  a  visitation,  and 
superadded  influenza  would  be  a  logical  explanation  for  the  shape  of  the 
curve  at  that  time. 

Other  oversea  theaters 

Keported  admission  rates  for  influenza  in  the  ('‘hina-Ilurma-India  thea¬ 
ter  and  the  Pacific  areas  were  low  throughout  the  war,  and  the  curves  for 
common  respiratory  infection  show  no  peaks  snggestiie  of  the  suj)eradded 
effect  of  influenza. 

So  the  history  of  influenza  during  World  AVar  II  stands  in  happy  con¬ 
trast  to  that  of  AVorld  AVar  I.  Pandemic  influenza  did  not  occur.  Owing 
to  the  prolongation  of  the  epidemic  cy<'le  in  the  middle  of  the  war.  only  one 
important  outbreak  took  place  and  that  at  a  time  when  it  could  lie  handled 
with  ease. 


PRIMARY  ATYPICAL  PNEUMONIA 
Introduction 

'I’he  term  ‘‘primary  atypical  pneumonia”  would  have  evoked  jiolite 
incomprehension  in  the  average  medical  ])ract  if  inner  about  20  years  ago,  and 
to<lay  it  is  one  of  our  coininonest  diagnoses. 

Pneumonias  were  originally  classified  on  an  anatomical  basis;  this  was 
followed  by  a  combined  anatomiv-al  clinical  approach  and,  also,  by  an  en¬ 
deavor  to  identify  them  etiologically.  These  three  pha.ses  were  often  har¬ 
monious.  Thus,  the  common  type  «>f  pneumonia  appearing  as  a  primary 
disease  was  lobar  in  distribution;  it  had  well-defined  clinical  characteristic.s. 
and  it  was  due  to  the  pneumo<’occus.  Therefore,  “lobar  pneumonia”  was 
designated  an  anatomical,  clinical,  and  etiological  entity.  As  the  identifica- 
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tiou  of  pneuniocoociis  types  heeaine  more  exact,  the  qualification  “type  I 
lobar  pneumonia”  or  ‘‘type  VII  lobar  pneumonia”  was  added. 

Apart  from  the  disruption  of  the  pattern  caused  by  the  1918  pandemic 
of  influenza,  lobar  pneumonia  had  maintained  a  fairly  consistent  record  for 
many  years  in  the  temperate  zones  as  primarily  a  winter  disease  with  a  usual 
mortality  of  about  30  percent  in  cases  not  specifically  treated.  It  had  l)een 
subjected  to  exhaustive  research,  and  a  great  deal  of  knowledge  had  l)een 
accumulated  as  to  the  mechanisms  of  recovery  and  immunity.  The  biology 
of  the  pneumococcus  was,  perhaps,  better  undei-stood  than  that  of  any  other 
micro-organism.  By  1938,  specific  theraiieutic  sera  had  been  produced  for 
more  than  30  types  of  pneumococcus. 

‘‘Bronchopneumonia”  was  also  originally  nn  anatomical  term,  but  the 
classification  of  bronchopneumonias  clinically  was  much  less  clearly  defined. 
They  formed  a  heterogeneous  group.  It  was  known  that  a  number  of  micro¬ 
organisms  besides  the  pneumococcus  could  cause  j)ulmonary  cojisolidation 
of  peribronchial  distribution.  Most  of  these  pneumonias,  however,  were 
secondary';  that  is,  they  occurred  as  complications  of  other  diseases  or  sur¬ 
gical  oi)eration.s  and  in  the  aged  and  debilitated.  Primary  bronchopneu¬ 
monias  were  recognized,  but  generally  sj^eaking  they  wei*e  relatively  uncom¬ 
mon.  Occasionally,  the  hemolytic  streptococcus  gave  rise  to  primary  bron- 
chopnemnonia,  either  in  sporadic  cases  or  in  localized  epidemics,  when  it 
often  followe<l  in  the  wake  of  measles  or  epidemic  milkborne  sore  throat. 
One  ty|H*  of  virus  pneumonia,  psittacosis,  was  recognized,  but  was  admittedly 
rare.  As  for  influenzal  jmeumonia,  this,  to  all  intents  and  purposes,  had 
vanished  after  the  1918-*20  pandemic. 

In  1J)38,  two  events  occurred  to  change  the  clinical  concept  of  juieu- 
monia.  In  the  first  place,  in  England,  a  chemotherapeutic  agent.  M.  &  B. 
093  or  sulfapyridine,  was  introduced  which  was  highly  effective  against 
pneuuKK'occal  infections.  Inten.se  interest  was  manifested  in  whether  sulfa¬ 
pyridine  wouM  supplant  serum  therapy  as  the  treatment  of  choice  in  lobar 
pneumonia  an<l  if  it  would  con.stitute  a  succe-ssful  treatment  of  the  broncho- 
pneumonia.s.  At  almost  the  same  time,  an  increasing  numl)er  of  primary 
pneumonias,  apparently  not  caused  by  the  pneumococcus  and  quite  obviously 
not  susceptible  to  chemotherapy,  were  f)eing  observed,  A  new  disea.se  entity 
was  rapidly  suspected. 

The  principal  characteristics  of  this  disease  were  as  follows:  It  seemed 
to  have  a  predilection  for  young  adults;  the  onset  was  rather  gradual;  the 
piihnonary  consolidation  was  [>atchy  and  often  showed  a  migratory  ten¬ 
dency:  there  was  no  associated  leukocytosis  (at  least  in  the  early  stages), 
and  the  bacterial  flora  of  the  sputum  was  not  different  from  that  found  in 
normals;  some  patients  were  gravely  ill  but  after  a  variable  febrile  period 
complete  recovery  took  place,  with  a  very  low  overall  mortality;  and  such 
slight  histological  material  as  was  available  indicated  that  the  process  was 
an  interstitial  pneumonitis  with  a  mononuclear  type  of  exudate.  Sfrepto- 
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COCCUS  viridans  was  at  first  tliouglit  to  be  the  cause,  but  this  hypothesis 
failed  to  be  substantiated.  With  no  evident  bacterial  etiology,  the  disease 
was  then  pi-esvuned  to  be  due  to  a  filterable  virus. 

But  Avas  it  a  new  disease?  Hospital  clinical  records  between  1922  and 
1935  contain  infrequent  descriptions  of  single  cases  exactly  corresponding 
with  the  description  just  cited.  Furthermore,  beginning  about  1933,  occa¬ 
sional  notations  in  medical  literature  indicate  that  some  observers  were 
aware  of  benign  bronchopulmonary  infiltrations  simulating  tuberculosis,  and 
localized  epidemics  of  an  infiuenza-like  disease  associated  with  mild  pneu¬ 
monitis  had  been  described.  It  is  likely  that  both  of  these  conditions  were 
caused  by  the  same  agent  or  agents  of  the  “new  disease.”  Atypical  pneu¬ 
monias  more  or  less  conforming  to  the  same  description  were  likewise  de¬ 
scribed  as  occurring  during  the  winter  of  1917-18.®*  The  following  factors 
probabh'  caused  the  delay  until  1938  in  general  recognition  of  primary  atyp¬ 
ical  pneumonia :  The  more  numerous  and  severe  cases  observed  in  that  year, 
the  more  exact  bacteriological  diagnosis  of  the  familiar  types  of  pneumonia, 
and  the  introduction  of  the  new  chemotherapeutic  agents. 

Most  of  the  increasing  number  of  papers  on  primary  atypical  pneumonia 
during  the  ensuing  years  were  clinical  descriptions,  but  the  research  work 
was  going  forward.  Broadly  speaking,  it  is  now  generally  agreed  that 
atypical  pneumonia  is  caused  by  a  virus  but  by  far  the  majority  of  cases 
are  not  due  to  the  identifiable  viral  agents,  such  as  psittacosis,  ornithosis- 
lymphogranuloma,  and  rickettsia.  Endeavors  to  transmit  the  agent  to  lab¬ 
oratory  animals,  or  to  cultivate  it,  have  been,  on  the  whole,  disappointing. 
The  most  important  studies  of  the  etiology  of  primary  atypical  pneumonia 
were  performed  during  World  War  II  by  the  Commission  on  Acute  Respira¬ 
tory  Diseases  under  the  direction  of  Dr.  Dingle.  Briefly,  these  studies  were 
as  follows: 

The  disease  was  successfully  transmitted  from  man  to  man  by  bacteria- 
free  filtrates  under  conditions  of  quarantine.®®  A  minority  of  those  inocu¬ 
lated  developed  atypical  pneumonia,  but  others  had  less  severe  illnesses 
which  might  be  called  bronchitis  or  common  upper  respiratory  infection. 
In  other  words,  there  is  evidence  that  under  epidemic  conditions  the  virus 
may  produce  many  cases  of  nondescript  respiratory  infection  for  each  one 
of  frank  atypical  pneumonia.  Under  experimental  conditions,  the  incuba¬ 
tion  period  was  not  quite  so  long  as  the  2  or  3  weeks  which  had  been  esti¬ 
mated  from  epidemiological  studies  of  the  naturally  occurring  disease. 

Two  serological  reactions  which  develop  during  convalescence  from 
atypical  pneumonia  in  the  majority  of  cases  have  been  discovered.  One  of 

See  footnote  1,  p.  1. 

•■•5  (1)  CommlHslon  on  Acute  Respiratory  Diseases:  Transmission  of  Primary  Atypical  Pneumonia 
to  Human  Volunteers.  J.A.M.A.  127  :  140-149,  20  Jan.  1943.  (2)  Commission  on  Acute  Respiratory 

Diseases ;  The  Present  Status  of  the  EtIoloKy  of  Primary  Atypical  Pneumonia.  Bull.  New  York  Acad. 
Med.  21:  235-262,  May  1945.  (3)  Commission  on  .\cute  Respiratory  Diseases:  An  Experimental 

Attempt  to  Transmit  Primary  .Atypical  Pneumonia  In  Human  Volunteers.  J.  Clin.  Investigation  24: 
175  188.  March  1945. 
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these  phenoineiui  is  the  cold  hemagglutinin ;  the  other  is  the  agglutinin 
for  a  certain  strain  of  nonhemolytic  streptococcus.^’  These  two  agglutinins 
are  not  identical,  and  their  significance  is  not  clear.  There  is  general  agree¬ 
ment  that  the  particular  streptococcus  in  question  is  not  the  cause  of  the 
disease. 

Experience  in  the  Continental  United  States 

The  concept  of  atypical  pneumonia  was  still  a  fairly  new  one  in  the 
winter  of  1941,  and  while  the  disease  was  recognized  in  most  university 
clinics,  it  was  not  familiar  to  the  profession  as  a  whole.  In  the  summer  of 
1941,  something  in  the  nature  of  a  mild  epidemic  of  pneumonia  which  did 
not  respond  to  sulfonamide  therapy  occurred  in  southern  training  camps. 
At  the  request  of  the  surgeon.  Fourth  Corps  Area,  a  small  civilian  mission 
was  dispatched  in  October  to  several  southern  training  camps,  notably  Camp 
Claiborne,  La.  It  reached  the  conclusion  that  this  was  an  epidemic  of  atypi¬ 
cal  pneumonia.  The  Surgeon  General  accepted  a  recommendation  from  this 
mission  that  a  permanent  commission  be  instituted  for  the  study  of  the  dis¬ 
ease,  inasmuch  as  the  Army  seemed  an  ideal  milieu  for  such  a  study.  This 
commission,  established  in  December  1941,  continued  to  work  throughout  the 
war,  first  at  Camp  Claiborne,  and  later  at  Fort  Bragg.  It  conducted  in¬ 
tensive  clinical  and  scientific  researches  on  the  subject  of  atypical  pneumonia, 
as  well  as  other  acute  respiratory  infections.^*  Among  many  noteworthy 
accomplishments  of  the  Commission  on  Acute  Respiratory  Diseases  w^ere  the 
successful  human  transmission  experiments.^* 

The  characteristics  of  the  disease  as  originally  seen  at  Camp  Claiborne 
were  briefly  described  by  the  chief  of  medical  service  of  the  station  hospital 
and  two  of  his  colleagues.^^  They  reported  that  262  cases  occurred  during 
a  period  of  4  months  with  a  camp  population  of  about  27,000.  In  general, 
these  cases  were  mild  with  a  short  febrile  course.  A  few  more  severe  cases 

30  (1)  Peterson,  O.  L.,  Ham,  T.  H.,  and  Finland,  M. :  Cold  Agglutinins  (Autobemagglutinins)  in 
Primary  Atypical  Pneumonias.  Science  97  :  167,  12  Feb.  1943.  (2)  Turner,  J.  C- :  Development  of 

Cold  Agglutinins  in  Atypical  Pneumonia.  Nature,  London  151 :  419-420,  10  Apr.  1943. 

37  Tbomas,  L.,  Mlrlck,  G.  S.,  Curnen,  E.  C.,  Ziegler,  J.  E.,  .Tr.,  and  Horsfall,  F.  L.,  Jr. :  Serological 
Reactions  With  Indifferent  Streptococcus  in  Primary  Atypical  Pneumonia.  Science  98 ;  566-568, 
24  Dec.  1943. 

sSDra.  A.  B.  Docbez  and  T.  Kneeland,  Jr.,  of  the  College  of  Physicians  and  Surgeons,  Columbia 
University,  New  York,  N.Y.,  and  Dr.  Colin  M.  MacLeod,  of  the  New  York  University  College  of  Medicine, 
New  York,  N.Y.,  all  members  of  the  recently  created  Board  for  the  Investigation  and  Control  of  Influ¬ 
enza  and  Other  Epidemic  Diseases  in  the  Army. 

39  (1)  Dingle,  J.  H.,  Abernethy,  T.  J..  Badger,  G.  F..  Bnddingb,  G.  J.,  Feller,  A.  E.,  Langmuir, 
A.  D.,  Ruegsegger,  J.  M.,  and  Wood,  W.  B.,  Jr. :  Primary  Atypical  Pneumonia,  Etiology  Unknown. 
War  Med.  3 ;  223-248,  March  1943.  (2)  Commission  on  Acute  Respiratory  Diseases :  Epidemiology 

of  Atypical  Pneumonia  and  Acute  Respiratory  Disease  at  Fort  Bragg,  North  Carolina.  Am.  J.  Pub. 
Health  34 :  335-346,  April  1944.  (3)  Dingle,  J.  H.,  Abernethy,  T.  J.,  Badger,  G.  F.,  Buddingh,  G.  J., 

Feller,  A.  E.,  Langmuir,  A.  D.,  Ruegsegger,  J.  M.,  and  Wood,  W.  B.,  Jr. :  Primary  Atypical  Pneumonia, 
Etiology  Unknown.  (Parts  I,  II,  and  HI.)  Am.  J.  Hyg.  39:  67-128,  January;  197-268,  March; 
269-336.  May  1944.  (4)  Dammin,  G.  J.,  and  Weller,  T.  H.  (in  collaboration  with  Commission  on 
.\cute  Respiratory  Diseases)  :  Attempts  to  Transmit  Primary  Atypical  Pneumonia  and  Other  Res¬ 
piratory  Tract  Infections  to  the  Mongoose.  J.  Immunol.  50:  107—114,  February  1945. 

•to  See  footnote  35,  p.  18. 

41  Moore.  G.  B.,  Jr..  Tannenbaiim,  A.  J.,  and  Smnliu.  T.  G. :  -Xtypical  Pneumonia  in  an  .\rniy  Camp. 
War  Med.  2  :  615-622,  July  1942. 


20 


INFECTIOUS  DISEASES 


were  notetl,  iiiul  two  patients  diet!,  although  there  was  some  question  of 
the  diagnosis  in  one  of  them.  Men  over  2H  years  old  were  being  released 
from  the  Army  i»t  this  time.  Oeoasionally,  the  routine  predist'harge  X-ray 
in  these  individuals  showed  areas  of  intiltration  resembling  tul)erculosis 
wliieh  cleared  up  quite  rapidly.  Thi.s,  taken  together  with  the  human  trans¬ 
mission  e.xperiments  just  cited,  suggests  that  there  were  probably  many 
“walking  cases”  of  the  tlisease.  The  mte  of  2()2  cases  in  27,0(K)  troops  over 
a  period  of  4  months  may  thus  not  indicate  the  true  communicability.  That  it 
mav  l)e  quite  higli  under  special  circuiiKstances  is  indicated  by  an  occasional 
rt.  For  example,  on  one  occasion  about  40  percent  of  the  men  out  of  a 
le  company  engaged  as  “cleanup  teams”  in  a  wire  operations  school 
,  .itracted  the  disease,'*- 

Shortly  after  the  Commission  l)egan  its  activities,  a  change  in  termi¬ 
nology  of  the  pneumonias  was  made  by  The  Surgeon  (leneral.  so  that  thence¬ 
forward  primary  atypical  pneumonia  was  re|)orted  as  such.^-’  ("linical  ivc- 
ognition  of  the  disease  liecame  increasingly  accurate  in  many  hospitals,  al¬ 
though  there  is  reason  to  lielieve  that  the  officially  reported  incidence  w’as 
always  low.  A  perusal  of  the  large  number  of  papers  submitted  to  The 
Surgeon  (leneral  to  be  approved  for  publication  convinces  one  that  the 
clinical  characteristics  of  the  disease  Avere  fairly  uniform.  The  student  is 
referred  to  the  original  articles  published  by  the  ('ommission  on  Acute 
Kespiratory  Diseases  for  the  best  account  of  the  manifestations  and  epidemi¬ 
ology  of  the  disease. 

The  annual  incidetice  of  j)rimary  atypical  pneumonia  in  Army  camps 
throughout  the  war  was  remarkably  constant.  The  highest  admission  rate 
in  the  I’nited  States  (8.05  per  annum  per  l.OtX)  average  strength)  occtirred 
in  104:1,  although  the  validity  of  this  may  In*  questioned  owing  to  change  in 
diagnostic  criteria.  Seasonal  variations  in  admission  rates  were  more 
marked;  with  striking  exceptions,  rates  were  usually  higher  in  the  winter 
months.  Generally  speaking,  cases  of  atypical  pneumonia  showed  an  im¬ 
mense  numerical  preponderance  over  lobar  pneumonia,  rates  for  which  Avere 
exceedingly  Ioav.  One  report,  from  Truax  Army  Air  Field,  ^fadison.  Wis.. 
giA’es  this  ratio  as  appi*oximately  10:1.  At  Scott  F'ield,  Helleville,  111.,  7:18 
cases  of  atypical  pneumonia  AA-ere  seen  during  a  period  Avhen  24  lobar  pneu¬ 
monias  and  37  bacterial  bronchopneumonias  o<*curred.'‘®  At  Jefferson  Bar¬ 
racks,  ^[o.,  1,862  cases  of  atypical  pneumonia  were  described  as  contrasted 
with  62  lobar  pneumonias  occurring  oAer  the  same  period  of  time.^**  These 

«  Idstrom,  L.  G..  and  Rospiiberg,  B. :  Primary  Atypical  Pneumonia.  Bull.  U.S.  Army  M.  Pept. 
No.  81.  pp.  88-92.  October  1944. 

Circular  Letter  No.  19,  Office  of  the  Surgeon  General,  U.S.  Army.  2  Mar.  1942. 

14  Sep  footnote  .19  (1).  (2).  and  (3).  p.  19. 

45  Owen.  C.  A.:  Primary  Atypical  Pneumonia.  An  Analysis  of  738  Cases  Occurring  During  1942 
at  Scott  Field.  111.  Arch.  Int.  Med.  73:  217-231,  March  1944. 

4«  V’an  Ravenswaay,  A.  C.,  Erickson,  G.  C.,  Reh,  E.  P.,  Sleklerskl,  J.  M..  Pottash,  R.  R..  and 
Gunibiner.  B.  :  Clllilcal  -Aspects  of  Primary  Atypical  Pneumonia  ;  A  Study  Based  on  l.Sfio  Cases  Seen 
at  Station  Hospital,  Jefferson  Barracks.  Missouri,  from  June  1,  1942  to  August  10,  1943.  J..\.M.A. 

124:  1  0.  1  Jan.  1944. 
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cases  of  atypical  pneumonia  were  said  to  be  more  severe  than  the  average 
thus  far  described  in  the  Army.  Two  deaths  resulted.  Pleural  etfusions 
appeared  in  9.7  percent  of  cases;  about  one-quarter  of  these  were  large. 

Between  1942  and  1945,  110,133  admissions  for  primary  atypical  pneu¬ 
monia  were  reported  in  the  Army  in  the  United  States  with  101  deaths  as 
compared  to  50.807  admissions  and  69  deaths  overseas.  Atypical  pneumonia 
was  never  of  sufficient  magnitude  to  interfere  seriously  with  the  huge  train¬ 
ing  program.  On  the  other  hand,  the  rather  prolonged  course  of  the  disease 
and  the  lengthy  convalescence  often  affected  the  military  career  of  the  indi¬ 
vidual  concerned.  Because  of  the  rarity  of  complications  and  late  sequelae, 
chronic  invalidism  did  not  occur. 

Experience  Overseas 

European  theater 

During  the  late  summer  and  autumn  of  1942,  there  was  a  mild  epidemic 
of  atypical  pneumonia  among  U.S.  troops  in  the  European  theater.  The 
incidence  of  lobar  pneumonia  was  very  low:  in  one  hospital,  for  example, 
during  one  of  the  autumn  months,  the  chief  of  medical  service  reported  3 
cases  which  might  be  called  typical  pneumonia  and  70-odd  cases  which  were 
atypical.  As  in  cases  described  in  the  States  among  military  personnel,  these 
cases  were  milder  on  the  average  than  those  pre.sented  in  earlier  reports  from 
civilian  hospitals.  The  febrile  course  was  shorter,  being  perhaps  5  to  7  days 
instead  of  10  to  12,  and  the  tendency  to  relapse,  or  prolonged  migratory 
pneumonia,  was  much  less  pronounced.  Moreover,  such  bizarre  manifesta¬ 
tions  as  erythematous  skin  lesions,  liver  involvement,  pericarditis,  and  so 
forth,  which  had  been  noted  on  rare  occasions  in  civilian  outbreaks,  were 
not  observed.  A  true  pleuritic  pain,  so  commonly  found  in  lobar  pneumonia, 
is  not  a  feature  of  atypical  pneumonia.  Sterile  pleural  effusions  may  occur; 
when  they  do,  they  are  usually  small  and  often  interlobar.  Occasionally, 
however,  they  may  pei'sist  for  an  appreciable  ])eriod,  and  in  1942  when  this 
was  so  they  were  conventionally  considered  highly  suggestive  of  tuberculosis 
It  was  pointed  out  then  that  a  small  effusion  need  not  be  regarded  as  tuber¬ 
culous,  and  where  there  was  any  evidence  of  associated  pneumonitis,  past  or 
present,  atypical  pneumonia  was  probably  the  cause. 

In  the  autumn  of  1942,  a  Inrard  composed  of  an  epidemiologist,  Lt.  (’ol. 
(later  (’ol.)  John  E.  Gordon,  M(’;  a  clinician,  Lt.  Col.  (later  C^ol.)  Yale 
Kneeland,  Jr.,  MC:  and  a  virolc^ist,  Maj.  (later  Col.)  Ralph  S.  Mucken- 
fus.s,  MC,  was  appointed  to  consider  the  subject  of  atypical  pneumonia.  The 
results  of  its  delibenitions  were  embodied  in  a  circular  letter,  which  outlined 
the  history’  and  clinical  fesvtures  of  atypical  pneumonia,  together  with  ad¬ 
vice  as  to  management.  It  was  pointed  out  that  sulfonamides  were  ineffec¬ 
tive  in  this  disease  and  that,  if  the  diagnosis  could  be  made  with  reasonable 
certainty  by  a  mature  clinician  with  an  adequate  laboratory  at  his  disposal, 
sulfonamides  were  contraindicated.  Where  the  diagnosis  was  in  doubt,  or 
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satisfactory  laboratory  facilities  unavailable,  sulfonamides  in  full  dosage 
were  recommended  for  a  brief  but  definitive  therapeutic  trial.  Attention 
was  drawn  to  the  possibly  prolonged  residual  effects  of  an  attack  of  atypical 
pneumonia  and  to  the  need  for  a  considerable  rehabilitation  before  the 
soldier  returned  to  duty. 

During  the  winter  and  summer  of  1943.  atypical  pneumonia  was  less 
conspicuous.  The  phenomenon  of  cold  hemagglutination  was  described  and 
carefully  reported  in  lelation  to  a  fairly  large  series  of  cases  by  a  me<lical 
officer  in  the  European  theater  almost  simultaneously  with  independent  dis¬ 
covery  of  the  phenomenon  in  the  United  States.'*^  Rare  cases  of  encephalitis 
complicating  the  pulmonary  lesions  were  encountered  in  the  theater.  In  one 
fatal  case,  histological  evidence  was  found  at  autopsy.^*  In  two  others, 
encephalitis  was  recognized  clinically  from  symptoms  and  spinal  fluid  find¬ 
ings.** 

Atypical  pneumonia  was  not  generally  recognized  by  the  bulk  of  the 
liritish  medical  profession  in  1942,  although  scientific  investigators  wei'e 
aware  that  a  form  of  pneumonia,  presumably  of  viral  origin,  had  recently 
come  into  prominence  in  America.  Contacts  between  British  investigators 
and  American  medical  officers  were  soon  established.  Professor  Bedson,*® 
for  example,  tested  serum  from  several  convalescent  U.S.  soldiers  for  anti¬ 
bodies  to  psittacosis  virus  with  negative  results.  Dr.  C.  11.  Andrewes  tested 
.s«‘ra  for  antibodies  to  influenza  virus,  similarly  with  negative  results.  The 
possibility  that  pigeons  imported  by  the  U.S.  Army  Signal  Corps  might 
introduce  an  ornithosis-like  disease  in  humans  into  the  British  Isles  seemed 
remote  when  it  was  found  that  native  British  birds  were  already  infected.*' 
It  seems  highly  i.  dikely  that  atypical  pneumonia  was  brought  into  the  Brit¬ 
ish  Isles  de  novo  by  the  U.S.  Army.  In  fact,  ward  rounds  in  any  British 
Army  hospital  in  the  autumn  of  1942  convinced  one  that  the  disease  in  a 
mild  form  was  present.  Stimulated  in  part  by  American  interest  in  the 
disease,®^  British  physicians  shortly  began  to  recognize  it,  and  in  1943  an 
excellent  descriptive  article**  appeared  in  the  Lancet. 

In  the  autumn  of  1943,  at  a  second  meeting  of  the  Atypical  Pneumonia 
Board  (p.  21),  it  was  recommended  that  routine  cold  agglutinin  tests  be 
l)erfonned  in  hospitals,  that  careful  records  be  kept,  that  a  summary  l>e 
made  of  the  results  of  the  test  in  a  large  series  of  case.s,  and  that  informa- 

47  See  footnote  3(5  (15.  p.  19. 

48Perrone,  H..  and  Wright,  M. :  Fatal  Case  of  Atypical  Pneumonia  With  Encephalitis.  Brit. 
M.J.  2  :  63-65,  17  July  1943. 

4a  Hein,  G.  E. :  Primary  Atypical  Pneumonia.  Lancet  1  :  431-432.  3  April  1943. 

so  Sir  Sam  Phillips  Bedson,  M.D.,  F.R.C.P.,  P.R.S.,  Consulting  Adriaor  in  Pathology,  Minister  of 
Health. 

SI  Andrewes,  C.  H.,  and  Mills.  K.  C. ;  Psittacosis  (Ornithosis)  Virus  in  English  Pigeons.  Lancet  1  : 
292-294,  6  Mar.  1943. 

8*  Brown.  J.  W.,  Hein,  O.  E.,  Ellman.  P..  and  Joules,  H. :  Discussion  on  Atypical  Pneumonia.  Proc. 
Roy.  Soc.  Med.  36;  385-390.  June  1943. 

S3  Drew,  W.  R.  M.,  Samuel,  E.,  and  Ball,  M. :  Prliiiury  .\typieal  Pneumonia.  Iwinret  1  :  761-765, 
10  June  1943. 
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tion  be  obtained  as  to  the  frequency  of  secoiul  attacks.  Some  data  were  col¬ 
lected,  but  no  important  conclusions  could  l)e  drawn. 

The  annual  admission  rate  in  the  Kuropean  theater  for  primary  atypi¬ 
cal  pneumonia  was  9.23  in  1942,  6.35  in  1943,  and  only  4.80  in  1944.  Apart 
from  the  late  summer-autumn  i)eak  of  1942,  these  rates  were  considerably 
lower  than  in  the  United  Stales.  This  may  l)e  pai*tly  ascriln'd  to  the  fact 
that  the  virus  of  atypical  pneumonia  seems  to  have  Ijeen  less  widespread  and 
virulent  in  England  than  in  the  United  States.  Seasoning  of  troops  might 
have  played  a  role  also,  but  one  is  inclined  to  doubt  that  it  was  very  large, 
since  rates  in  the  Mediterranean  theater,  where  the  troops  were  also  sea¬ 
soned,  were  much  higher  than  at  home  for  the  years  1944  and  1945. 

An  interesting  observation  was  made  in  the  winter  of  1945  at  the  7th 
General  Hospital  in  Dorsetshire,  England.  Two  patients  were  studied  who 
showed  extremely  high  cold  agglutinin  titers  with  associated  hemolytic  crises. 
One  of  these  episodes  followed  a  definite  attack  of  atypical  pneumonia.  This 
phenomenon  has  since  Ijeen  discussed  in  considerable  detail  by  Finland  and 
his  coworkers.'"'** 

Mediterranean  theater 

Available  statistical  reports  iti  the  Mediterranean  theater  do  not  provide 
a  reliable  indication  of  the  relative  frequencies  of  lobar  and  atypical  pneu¬ 
monia  before  jMay  1944.  From  1  May  1944  to  31  March  1945,  inclusive,  7,142 
primarj-  pneumonias  were  reported,  of  which  5,684,  or  approximately  80 
percent,  were  classified  as  atypical  pneumonia.®®  If  this  percentage  holds  for 
the  entire  historj’  of  the  theater,  it  would  seem  that  the  preponderance  of 
atypical  pneumonias  over  bacterial  pneumonias  was  less  than  in  some  other 
areas. 

The  general  situation  in  regard  to  pneumonia  in  the  Mediterranean  the¬ 
ater  as  reported  in  1945  (p,  8)  is  described  in  the  following  paragraph: 

The  pneumonia  rate  In  the  theater  remained  at  comparatively  low  levels  until  January 

1944  when  a  marked  increase  was  noted  principally  in  the  troops  based  in  Italy.  This 
increased  incidence  was  manifested  by  both  Base  Section  and  Army  troops,  the  peak  level 
for  this  season  occurring  in  the  Peninsular  Base  Section  during  April  1944  when  the  rate 
was  38.5  per  1,000  per  annum.  The  rate  in  Italy  remained  high  until  July,  the  incidence 
in  Army  falling  more  precipitously  and  at  an  earlier  date  than  in  the  Base.  In  January 

1945  a  similar  rise  in  pneumonia  rates  began,  the  rate  in  March  1945  reaching  a  level  sub¬ 
stantially  higher  than  that  in  the  preceding  year.  Peninsular  Base  Section  and  Fifth 
U.S.  Army  troops  participated  in  the  rise,  and  once  more  the  incidence  was  highest  in  the 
Base,  attaining  the  surprising  level  of  82  per  1,000  per  annum  in  the  month  of  March.  It 
is  of  interest,  though  an  explanation  is  not  offered,  that  pneumonia  in  the  Army  Air 
Forces  reached  its  height  in  February  1045  and  fell  precipitously  in  March  when  Fifth 
U.S.  Army  and  Peninsular  Base  rates  were  still  ascending.  The  case  fatality  rates  showed 

54  Finland,  M.,  Peterson,  O.  L.,  Allen,  H.  E.,  Samper,  B.  A.,  and  Barnes,  M.  W. :  Cold  Agglutinins. 
I.  Occurrence  of  Cold  Isotaemagglutlnlns  In  Various  Conditions.  II.  Cold  Isobemagglutinins  in  Primary 
Atypical  Pneumonia  of  Unknown  Etiology  With  a  Note  on  tbe  Occurrence  of  Hemolytic  Anemia  in 
These  Cases.  J.  Clin.  Investigation  24  :  451-457  ;  458-473,  July  1945. 

S3  See  footnote  16,  p.  8. 


24 


INFECTIOUS  DISEASES 


H  fall  rather  than  a  eorreaiwiuling  rise  in  the  years  <if  greatest  Incidence.  In  11143.  24 
deaths  «»ccurred  In  1,427  pneuimmias,  a  ca.se  fatality  rate  of  1.08  percvnt.  There  were 
7.480  pneumonias  and  35  death.s  In  1S)44,  a  rate  of  0.47  iwrcent.  During  the  first  3  months 
<if  im.5,  3,203  pneumonias  anti  0  pneumonia  deaths  were  encountered,  a  case  fatality  of 
0.18  iH'rtvnt.  The  quotetl  rates  includetl  all  pneumonia  deaths. 

If  HO  jiercent  of  the  piieumotiiti  was  atypical  its  incidence  was  at  tinie.s  \ery 
hijih. 

(’linical  descriptions  of  the  disea.se  in  the  Mediterranetiii  theater  wetv 
generally  similar  to  those  puhlishetl  elsewhere.  However,  several  pectiliar 
outbreaks  occurred  which  excited  a  gtaxl  tleal  of  interest  and  were  the  sub¬ 
ject  of  considerable  investigation.  The  i-e|)ort  of  Myers  and  Matthews  ( p. 
H)  descrilted  these  in  some  detail.  One  took  place  in  an  isolation  ward  of 
the  24th  (ieneral  Hospital  in  the  IVizerte  area.  Tunisia,  in  the  winter  of 
ll)4:i'-44.  Within  a  5)-<lay  i)eriod,  over  half  the  patients  and  ward  i)erson- 
nel  ( bi  in  all)  contnicte<l  mihl  atypical  pneumonia.  A  tentmate  of  one  of 
the  affected  aidmen  and  a  .substitute  aidman  also  l)ecame  ill,  the  latter  (>  <lays 
after  the  first  contact.  The  outbreak  appeared  to  have  an  unusually  short 
incubation  period  and  a  high  degree  of  communicability.  Its  origin  could 
not  l)e  traced. 

During  the  1044-45  pneumonia  sea.son,  seven  hx*al  outbreaks  (H’cnrreil, 
One,  of  82  cases  in  the  jiersonnel  of  one  company,  aro.se  in  Corsica  in  De¬ 
cember  1044,  and  the  remaining  six  outbreaks  (xcurml  l)etween  De<'eml>er 
and  April  in  separate  organizations  in  a  5-mile  radius  of  Xorth  Central 
Italy.  The  Corsican  cases  were  as  follows: 

*  •  *  The  u.sunl  duration  of  fever  was  live  days,  maximum  temperature  varying  from 
too*  to  105®,  and  recovery  without  serious  contplications  ensued  In  every  case.  Diagnosis 
was  estahiished  hy  chest  X-ray  examination  in  nearly  every  instance.  Two  hutidrefi  cold 
agglutination  tests  were  performwi  hy  <’apt.  .Joseph  II.  Swartz,  utilizing  the  sera  from  the 
82  patients  and  a  2  percent  suspension  of  washed  human  group  D  erythrocytes.  In  two 
cases  agglutination  was  ob.served  with  a  .sernm  dilution  of  1 : 32.  In  the  remainder  agglu¬ 
tination  did  not  occur  with  .serum  titer  greater  than  1 ;  8.  There  were  no  circnmstam-es 
incriminating  an  Insect  vector. 

The  extremely  high  attack  rate  and  the  negjitive  cold  agglutinin  tests 
suggest  that  this  was  not  primary  atypical  pneumonia.  The  same  rejwrt 
gives  a  description  of  four  localized,  sharp  epidemics  occurring  near  Pagli- 
ana,  Italy,  and  totaling  at  least  355  cases.  These  constitute  additional  evi¬ 
dence  of  the  existence  in  Italy  of  a  specific  and  different  disease  entity.  One 
of  the  involved  units  had  an  attack  rate  of  27.7  iwrcent.  The  disea.se  char¬ 
acteristically  had  an  abrupt  onset,  with  an  incubation  i)eriod  api)arently 
varying  from  17  to  23  days.  Cold  agglutinins  were  not  found,  and  it  was 
susi>ected  that  the  etiological  agent  might  have  had  an  insect  vector,  a  mite, 
M’hich  was  foiiml  in  large  numl)ei's  in  the  area  used  by  one  of  the  units 
involved. 

Tw(j  more  outbreak.s.  totaling  .53  cases,  occurred  almut  10  airline  miles 
north-northeast  of  Pagliana,  The.se  cases  again  differed  in  certain  note¬ 
worthy  respects  from  atypical  piieunionia;  that  is,  abruptne.ss  of  on.set.  fre- 
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qnent  upiiearanoe  of  pleuritic  pain,  and  absence  of  cold  ajjglutinins.  (’oiu- 
plenieiit  fixation  tests  performed  with  lympho^raniiloina  anti^n  on  both 
human  and  pij^eon  serum  (from  the  area)  were  nejyative  for  psittacosis,  as 
were  other  serolojjical  tests  (Weil-Felix,  influenza  A  and  B,  cold  ajjfilutinin). 
Attempts  at  virus  isolation  were  also  made.  Preliminarv  observations  su/^- 
jrested  that  throat  washings  from  acute  cases  contained  a  filterable  agent 
which  protluced  fever  on  guinea  pig  inoculation  and  was  transmissible  in 
series.  A  rickettsial  agent  was  finally  isolated  from  the  material.  More¬ 
over.  late  followup  serological  tests  on  other  cases  of  the  disease  which  de¬ 
veloped  in  tnmps  returning  from  Italy  have  shown  that  the  cojulition  was. 
in  fact,  Q  fever.  It  seems  definitely  proved  that  all  the  almve  ca.ses  as  well 
as  the  so-called  Balkan  grippe  occurring  among  British  paratr(K)|)ei‘s  in 
(ri'eece  were  Q  fever.®® 

Myers  and  Matthews  noted  that  true  atypical  pneumonia  in  Italy  dur¬ 
ing  the  winter  of  1943-44  took  on  a  rather  more  severe  character  than  they 
were  accustomed  to  observe  in  Army  iMuctice.  Thei’e  was  a  large  number 
of  severe  cases,  reminiscent  of  those  described  in  the  United  States  in  193K, 
with  cyanosis,  dyspnea,  and  extensive  pulmonary  involvement.  Some  of  these 
ended  fatally.  Another  group  showed  a  protracted  course,  with  ])ersislence 
of  pulmonary  infiltration  beyond  the  expected  i)eriod.  In  one  group,®’  .55.S 
|)ercent  of  cases  had  residual  X-ray  changes  after  3  weeks  of  illness. 

Lt.  Col.  Tracy  B.  Mallory,  MC,  of  the  15th  Medical  General  Laboratory, 
furnished  the  following  description  of  his  findings  in  the  tissues  of  nine  fatal 
cases ; 

Each  of  the  nine  cases  showed  consolidation  of  more  than  7.o  percent  of  the  total  luntf 
snl»stance.  ilicroscopic  examination  disclose<l  massive  exudation  into  the  alveoli  of  a 
protein-rich  fluid,  almost  free  of  fibrin,  and  containing  mononuclear  and  r«l  cells  but  few 
polymor]>honuc1ear  leukocytes.  Alveolar  wall  thickening  was  observed  but  was  minor  in 
degree.  In  no  case  was  there  evidence  of  ne<Totizing  bronchiolitis  or  atelectasis,  lesions 
characteristic  of  the  atypical  i)neuinonia  seen  in  troops  in  the  continental  United  Stales 
during  1U42-43.  A  serous  or  purulent  effusion  was  not  found  in  any  instance. 

Four  of  the  nine  evidenced  other  pathological  changes  unrelated  to  the  pneumonia  but 
of  .stu  b  character  and  degree  as  to  have  contributed  to  the  fatal  issue.  One  exhibited 
re<-ent  vegetations  super inipose<l  on  an  old  rheumatic  valvulitis,  the  second  had  a  fresh 
myocardial  infarction,  the  third  .a  heino{)eritoneum  as.sociated  with  a  fractured  pelvis,  and 
the  fourth  a  fracture  of  the  dorsal  spine  with  paraplegia.  Three  other  cases  displayed 
a  well-niarke<l  acute  myocarditis  which  was  deemed  to  l)e  a  complication  of  the  pneumonia 
and  which  undoubtedly  played  an  important  part  in  the  outcome. 

Summary 

In  summary,  primaiy  atypical  pneumonia  was  by  far  the  most  conunon 
variety  of  pneumonia  in  U.S,  troops  in  the  European  and  Mediterranean 

-■»  CoiuiiiiHHion  on  .\cutp  Rp»i)lrntor.v  Didcnsps ;  Outbrcnks  of  n  RickettHinl  PiseiiKe  Reliited  to  Q 
Fov.t.  Bull.  f.S.  .Vriii.v  M.  rH*|*t.  r,  (No.  .1)  :  24.5-240,  March  1946. 

■<-!  Thpo<loH.  I>.  aiKi  Zwlokcl.  R.  E.  :  Cliiiiral  Aapects  of  Primary  Atypical  rnciinionin.  M.  Bull. 
Nortli  .\frlcnn  Theater  Op.  2;  104-109,  November  1944. 

r-  Sf-e  footnote  10.  p.  8. 
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theaters.  Even  so,  it  never  became  a  military  medical  problem  of  any  real 
importance.  Rates  for  Europe  were  lower  than  in  the  continental  United 
States,  but  in  the  Mediterranean  they  were  sometimes  higher.  On  the  whole, 
the  cases  were  mild  and  recovery  tended  to  be  complete,  although  an  aver¬ 
age  of  about  30  days  per  patient  were  lost  to  duty.  Very  rarely,  the  indi¬ 
vidual  might  be  left  with  a  chronic  bronchitis,  sometimes  of  an  asthmatic 
type.  Secondary  bronchiectasis  was  almost  unknown.  Complications  were 
very  infrequent.  A  few  of  the  patients  at  times  seemed  to  have  some  sec¬ 
ondary  bacterial  infection.  Such  secondary  infections  were  usually  not  very 
clear  cut,  but  when  definite  they  were  controlled  by  sulfonamides.  The  death 
rate  was  almost  nil. 

Had  the  incidence  of  this  condition  been  higher,  it  would  have  been  u 
military  problem  of  some  magnitude  owing  to  the  rather  prolonged  disability 
incuri-ed  by  the  individual.  This  low  incidence  probably  reflects  a  consider¬ 
able  degree  of  immunity  in  the  general  population.  The  virus,  too,  may  he 
one  of  rather  low  communicability,  and  the  long  incubation  period  militates 
agsiinst  the  explosive  type  of  epidemic  spread  when  individuals  are  tempo¬ 
rarily  crowded  together,  as  on  transports. 

Rates  for  atypical  pneumonia  were  low  throughout  the  war  in  the  Pacific 
area.  They  were  also  low'  in  the  China-Burma-India  theater  apart  from  a 
moderate  peak  in  July  and  August  1942.  In  the  latter  area,  the  disease  pic¬ 
ture  was  .stated  to  conform  with  that  seen  in  the  United  States  except  that 
an  initial  shaking  chill  and  pleuritic  pain  wei’e  more  commonly  encountered. 

An  interesting  outbreak,  late  in  1944,  was  described  by  the  surgeon  of 
an  airbase  in  India.  Fourteen  persons,  all  of  whom  had  been  in  the  same 
hold  of  a  troop  transport  arriving  in  Bombay,  came  down  with  atypical 
pneumonia  almost  simultaneously  a  few  days  afterward.  About  a  fortnight 
later,  thez’e  were  eight  .secondary  cases  at  the  .station. 

BACTERIAL  PNEUMONIA 
Introduction 

Ijobar  pneumonia  due  to  the  pneumococcus  has  l)een  so  closely  studied 
and  so  accurately  described  that  it  would  be  presumptuous  to  review  the  dis¬ 
ease  here.  Medical  records  indicate  a  total  of  109,882  admissions  for  pneu¬ 
monia  other  than  atypical  as  occurring  in  the  Army  from  1942-45  (table  2). 
Of  these,  970  patients  died,  giving  a  case  fatality  rate  of  0.88  percent.  This 
is  in  contrast  to  a  figure  of  160,940  admissions  for  atypical  pneumonia  with 
198  deaths.  How  many  of  these  reported  cases  were  actually  pneumococcal 
pneumonia  is  impossible  to  state;  probably  the  percentage  was  a  relatively 
small  one.  Two  generalizations  may  be  made  concerning  the  condition  in 
World  War  II.  First,  the  incidence  was  generally  lower  than  anticipated, 
particularly  overseas.  This  low  rate  was  simultaneously  true  of  the  civilian 
population  and  probably  reflects  an  inexplicable  fluctuation  in  the  character 
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of  the  disease  which  had  begun  some  years  before  World  War  II.  Secondly, 
and  perhaps  for  the  same  I’eason,  the  individual  cases  seemed  surprisingly 
mild.  One  is  accustomed  to  think  of  lobar  pneumonia  beginning  violently  in 
the  classical  way,  with  a  rapid  development  of  the  complete  picture  of  the 
disease  and  bacteremia  in  about  25  percent  of  the  cases.  In  the  Army,  the 
disease  did  begin  suddenly  with  the  customary  symptoms,  u  it  the  patient 
usually  did  not  appear  as  ill  as  one  might  expect;  the  amount  of  consolida¬ 
tion  by  X-ray  w'as  often  astonishingly  slight,  and  bacteremia  was  extremely 
uncommon.  It  is  possible  that  these  diflferences  were  apparent  rather  than 
real,  that  they  were  due  to  prompt  recognition  and  early  treatment.  Never¬ 
theless,  it  is  the  writers  belief  that  the  essential  severity  of  the  disease  was 
diminished. 

Other  varieties  of  primary  bacterial  pneumonia  were  rarely  encountered. 
On  the  extremely  infrequent  occasions  in  which  organisms,  such  as  Staphylo- 
coccu^s.  Ft'iedldnder's  hacUhis,  and  H.  irvfluemae,  produced  pneumonia,  they 
ran  true  to  form.  Secondary  pneumonias,  usually  on  the  surgical  wards, 
were  occasionally  noted,  but  on  the  whole  the  control  of  these  conditions  by 
antibiotics  was  satisfactory. 


Table  2. — Admissions  for  primary  atypical  pneumonia,  bacterial  pneumonia,  and  other 
pneumonia,  in  the  U.S.  Army,  by  area  and  year,  19^2- ^5 


[Preliminary  data  based  on  sample  tabulations  of  individual  medical  records] 
[Rate  expressed  as  number  of  admissions  per  annum  per  1,000  averaite  strength] 


Disease  category  and  year 

Total  Army  j 

1  United  States 

Overseas 

Number 

Rate 

Number 

Rate 

1 

Nuintier 

1 

Rate 

Primary  atypical  pneumonia: 

1942-45. _ _ _ _ 

160,  940 

6.  32 

no,  133 

7.  47 

50,  807 

4.  73 

1942 _ 

1  19,891 

6.  13 

17,  902 

6.  74 

1,  989 

3.  40 

1943 _ 

51,  177 

7.  45 

46,  375 

8.  95 

4,  802 

2.  84 

1944 _ 

43,  022 

5.  52 

25,  056 

6.  31 

17,  966 

4.  70 

1945 _ 

46,  850 

6.  18 

20,  800 

7.  09 

26,  050 

5.  61 

Other  pneumonia: 

1942-45  .  ..  _  _ 

109,  882 

4.  31 

81,  962 

5.  56 

27,  920 

2.  60 

1942 _ 

27,  583 

8.  51 

24,  267 

9.  13 

3,  316 

5.  66 

1943 _ 

41,  161 

5.  99 

35,  735 

6.  90 

5,  426 

3.  21 

1944 _ 

23,  473 

3.01 

14,  470 

3.  64 

9,  003 

2.36 

1945 _ _ _ 

17,  665 

2.33 

7,  490 

2.  55 

10,  175 

2.  19 

Bacterial  pneumonia: ' 

1942-45 _ 

50,943 

2.00 

37,  406 

2.  54 

13,  537 

1.  26 

1942 _ 

10,  441 

3.  22 

9,  340 

3.  52 

1,  101 

1.  88 

1943 _ 

16,  838 

2.  45 

14,  690 

2.83 

2,  148 

1.  27 

1944 _ 

13,  014 

1.  67 

8,  526 

2.  15 

4,  488 

1.  18 

1945 _ 

10,  650 

1.41 

4,  850 

1.  65 

5,  800 

1.  25 

>  Cases  recorded  as  lobar  pneumonia. 
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The  liemolytie  stiyptwotH-cus  «;ives  ri.se  to  tin  oirtisioiml  ease  of  primary 
pneumonia;  however,  the  ('a.stvs  lavoine  miinerically  important  only  when  for 
some  misvm  the  orjxanism  is  wulely  dislrihuteil  in  a  liijihly  palhofjjenie  state, 
as  is  .sometimes  fouml  in  a.s.soeiation  with  ti  milkljorne  epidemic.  Measles 
and  inrtuenza  virusi‘s  sinuned  to  “activate’’  the  hemolytic  streptoccwcus  in  the 
First  World  War  hut  duriiif;  the  Se*-ond  M’orld  M'ar  measles  was  unim|K)r- 
tant  in  the  Army  and  influenza  of  the  ItHH  ty|H*  did  not  occur.  These  facts 
probably  are  ivlated  to  the  low  incidence  of  .stivj)t<H*<Hral  pneumonia.  What 
effect  did  the  widespread  use  of  sulfonamides  have  in  pivventinji  the  .strepto- 
ccx'cus  from  really  j»ettinj;  under  wayf  This  comple.x  .subject  will  be  con- 
sideivd  elst'where,  together  with  that  e.xtraordinarily  inteivstiufr  phenomenon, 
the  appearance  of  sulfonamide-ivsistant  strains  of  lieta  hemolytic  streptococci. 

Experience  in  the  Continental  United  States 

On  summary  health  ivport.s,  statistical  data  in  the  Army  with  re«;ard  to 
the  pneumonias  aiv  unsatisfactory.  After  Mar«‘h  1!)T2,  the  pneumonias  were 
reported  under  thive  headin<»s:  Primary  atypical  jmeumonia;  pneumonia, 
primary;  and  pneumonia,  .secondary.  The  rates  for  pneumonia,  secondary, 
were  jrenerally  very  low.  Our  interest  here  is  in  the  term  “pneumonia, 
primary.’’ 

Hy  definition,  this  .should  mean  any  )>neumonia  arising;  de  novo,  or  in 
the  course*  of  minor  upper  ivspiralory  infection,  which  a  medical  officer  con- 
siilers  to  Ih‘  bacterial,  not  viral,  in  orifritu  Presumably,  these  should  Ik* 
mainly  pneumociK’cal,  that  is  to  say,  lobar  pneumonia.  As  mij^ht  Ik*  e.\|)ected. 
medical  records  based  on  the  consolidated  statistical  health  report  (WI)  Ml) 
Form  StJiib)  contain  an  enormous  amount  of  error,  resulting  from  the  natu¬ 
ral  limitations  of  this  source  of  information. 

For  example,  at  (’amp  lK*e,  Va.,  lietween  0  Xovemlier  1943  and  3  March 
1944,  155  oast*s  of  pneumonia  weiv  reiMU-ted;  147  designated  pneumonia,  pri¬ 
mary.  anil  8  atypical  jmeumonia.  This  s<*emed  of  suflicient  interest  to  war¬ 
rant  further  investigation.  The  Director,  (’oinmi.ssion  on  Pneumonia,  .Vrmy 
P^pidemiologii*al  Hoard,  visited  (’amp  I.K*e  and  .studied  records  ou  97  pneu¬ 
monia  cases  adinitteil  since  1  January  1944.  In  his  ojiinion,  .58  of  the.se  were 
atypical  pneumonia,  and  only  8  were  lobar  pneumonia.  The  rt*mainder  con¬ 
sisted  of  0  definitely  strepfocwcal  cases,  13  doubtful  strepfocwcal  cases,  10 
probably  bacterial  pneumonias  from  which  no  organism  was  i.solated,  and  2 
staphylococcal  cases. 

There  were  several  lea.sons  for  tliis  woeful  degiee  of  inaccuracy.  One,  of 
course,  was  the  failuie  of  many  clinicians  to  think  clearly  along  etiological 
lines;  another  was  lack  of  inteiest  ami  e.xperience  on  the  pni*t  of  the  laliora- 
tory;  and  last,  but  not  least,  was  the  registrar’s  habit  of  making  up  the  sta- 
fi.stical  health  leport  from  the  morning  leport  which  was  usually  comjiiled 
by  a  nurse.  There  is,  therefore,  little  to  Ik*  gained  from  a  discussion  of  the 
overall  im'idema*  of  .so-called  pneumonia,  primary,  as  reported  on  |)eriodic 
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suiniuury  imports.  In  contrast,  considerable  information  is  made  a\ailable 
fi-om  the  tabulations  of  final  diagnoses  from  individual  medical  i*ec«)rds 
(table  2). 

The  low  incidence  and  mortality  of  lobar  pneumonia  in  the  Army  iiiay 
be  illustrated  by  two  figures  which,  although  not  strictly  comparable,  do 
give  a  crude  index  of  affaii’S.  The  death  rate  from  lobar  pneumonia  is  gi\en 
in  the  ofticial  history  of  the  Fii*st  World  War  as  2.59  per  1,(K)0  i^er  year,  or 
259  {)er  100, (XH)  |>er  year,  for  the  i)erio<l  1  April  1917  to  31  December  1919. 
Preliminary  Anuy  figures  in  World  War  II,  1942-45.  give  the  death  rate  for 
the  bacterial  pneumonia  in  the  Unitetl  States  as  less  than  2  per  10(),000  per 
year. 

Ijobar  pneumonia  was  mildly  epidemic  in  the  United  States  at  times, 
but  only  in  certain  localities.  Kpidemic  comlitions  never  l)ecame  generalized. 
The  most  conspicuous  instances  of  this  were  in  the  Sixth  Service  Command 
where  the  rates  for  pneumonia  were  significantly  higher  than  in  other  service 
commands.  The.se  high  rates  were  entirely  contributed  by  Air  Forces  ihm-- 
sonnel,  the  rate  for  Army  Service  Forces  being  not  uis-similar  to  that  in 
other  regions.  Accortlingly,  the  matter  was  investigated  by  the  consultant  in 
medicine  of  the  Sixth  Service  Command  aiul  the  director  of  the  Commission 
on  Pneumonia  who  reported  a  numl)er  of  interesting  figures.  For  example, 
rates  for  common  respiratory  disease  the  week  of  20  Octolter  1944  at  three 
airfields  were  150,  111,  and  83  as  compared  to  .55  and  04  in  two  servit'c  camps. 
Similarly,  the  pneumonia  rtttes  were  32,  41.  and  55.  compared  to  7  and  3. 
These  reportetl  pneumonias  included  lK>th  lobar  pneumonia  and  atypiia! 
pneumonia.  The  exact  proportion  of  the  two  varieties  v.*as  hard  to  deter¬ 
mine.  At  one  Held  l)etween  1  January  and  8  Decemlter  1944.  215  cases  of 
primary  pneumonia  were  refK)rte<l  as  against  .396  atypical  pnetimonia  cases, 
but  when  the  investigators  stinlied  the  individual  medical  records  rather  than 
the  statistical  health  re|M)rt  they  found  that  at  the  three  airfields  primary 
pneumonia  was  l)eing  somewhat  overdiagnosed  at  the  expense  of  atypical 
pneumonia.  Nevertheless,  it  was  obvious  that  lobar  pneumonia  was  unusually 
prevalent. 

At  one  field,  pneum<K’(KTus  typings  luul  l)een  iJerformed  in  160  cases. 
In  thes«>,  tyjK*  VII  was  present  in  IH.l  pereent  of  ca.ses,  types  I  and  II  each 
in  14.4  |)ercent,  so  that  tliese  three  together  accounted  for  nearly  half  the 
cases.  The  pi*ominence  of  tyjie  VH  seems  a  little  surprising;  whether  it  was 
also  .such  a  notable  offender  at  the  other  two  fields  is  unknown. 

A  careful  attempt  was  made  to  discover  the  reasons  for  this  unusual 
incidence  of  respiratory  infe<’tion  including  pneumonia.  In  the  final  analy¬ 
sis,  the  most  striking  difference  l)etween  life  at  the  air  station  and  in  the 
service  forces  was  that  the  former  involved  men  l)eing  together  in  classrooms 
all  day. 

Another  interesting  example  of  the  behavior  of  lobar  pneumonia  was 
reiM>rted  at  the  Anny  Air  Foire  Technical  School,  Sioux  Falls,  (’oincident 
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with  the  peak  of  a  sharp  epidemic  of  influenza  in  November  1943,  and  ex¬ 
tending  for  about  a  fortnight  afterward  wliile  the  influenza  was  rapidly  sub¬ 
siding,  the  rate  for  lobar  pneumonia  (already  rather  high)  rose  to  an  un¬ 
precedented  level.  For  the  week  of  3  December,  it  was  4.8  per  1,000.  In 
72  cases,  pneumococci  were  isolated  and  typed.  Of  these,  17  proved  to  be 
type  II,  9  type  V,  6  type  I,  and  5  type  VII.  The  rest  were  scattered  or 
untypable.  Later  in  the  winter,  during  a  controlled  experiment  on  sulfadi¬ 
azine  prophylaxis  at  the  same  station,  it  was  noted  that  the  drug  appeared 
to  I'educe  significantly  the  incidence  of  lobar  pneumonia,  although  the  result 
was  not  as  striking  as  in  the  case  of  streptococcal  infections. 

In  harmony  with  all  experience  elsewhere,  the  treatment  of  lobar  pneu¬ 
monia  with  sulfadiazine  was  highly  satisfactory,  and  complications  were  very 
infrequent.  In  this  connection,  it  is  interesting  to  review  the  role  of  serum 
therapy.  At  a  conference  on  pneumonia  held  at  the  Office  of  the  Surgeon 
General  in  January  1944,  the  subject  of  classification  was  discussed  at  length. 
Therapy  was  also  considered,  and  it  was  agreed  that  antipneumococcus  serum 
may  be  lifesaving  in  cases  of  drug-resistant  pneumonia.  Shortly  thereafter, 
a  remarkable  variation  in  the  actual  use  of  antipneumococcus  serum  in  vari¬ 
ous  hospitals  was  uncovered  in  a  surv'ey  by  the  Professional  Service  Division. 
A  good  many  hospitals  had  never  used  serum  while  in  others  it  had  been 
employed  surprisingly  often.  The  opinion  of  all  the  service  command  con- 
.«ultants  in  medicine  was  then  sought.  The  great  majority  agreed  that  serum 
was  necessary  in  only  very  exceptional  instances  and  that  it  could,  if  neces- 
saiT,  be  obtained  from  local  sources.  In  other  >vords,  the  consensus  was  that 
antipneumococcus  serum  could  be  discontinued  in  the  Army  drug  lists;  in 
this,  the  Chief  Consultant  in  Medicine,  Office  of  the  Surgeon  General,  and 
the  National  Research  Council  concurred  on  15  May  1944.  The  advent  of 
penicillin  as  an  addition  to  sulfonamides  had  much  to  do  with  influencing 
this  view,  which  would  have  been  considered  mildly  revolutionary  a  few 
years  earlier.  The  efficacy  of  treatment  of  lobar  pneumonia  with  sulfona¬ 
mides  alone  is  shown  by  a  report  of  454  cases  over  a  period  of  3  years  with 
only  4  deaths.®®  In  the  last  year  of  this  study,  92  cases  were  treated  without 
a  single  death. 

An  important  study  of  immunization  against  lobar  pneumonia  by  in¬ 
jection  of  specific  capsular  polysaccharides  was  started  in  September  1944  at 
the  Sioux  Falls  Army  Air  Force  Technical  School  where  the  pneumonia 
rate  had  l)een  very  high;  over  1,500  cases  had  occurred  in  the  preceding  2 
years.  Of  these,  34.9  percent  were  due  to  type  II  pneumococcus.  More  than 
8,000  men  were  injected  with  a  single  dose  of  a  mixture  containing  poly¬ 
saccharides  derived  from  pneumococcus  types  I,  II,  V,  and  VII  with  a  strik- 

M  Aanmson,  W.  B. :  Isobar  Pneumonia.  Air  Surgeon’s  Bull.  (No.  Ill  1 :  21,  November  1944. 

*0  Mac!  •'od,  C.  M.,  Ilndges,  R.  G.,  Heidelberger,  M.,  and  Bernhard,  W.  G. :  Prevention  of  Pneu¬ 
mococcal  P),  umonia  b.v  Immunization  With  Specific  Capsular  Polysaccharides.  J.  Exiwr.  Med.  82  : 
445-465,  December  1945. 
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ing  subsequent  immunity  to  pneumonia  caused  by  these  types  as  compared 
with  a  similar  control  group.  The  carrier  rate  of  these  four  tyi>es  was  also 
significantly  reduced,  but  no  effect  was  noted  against  infection  with,  or  the 
carrier  rate  of,  other  types. 

Hemolytic  streptococcal  pneumonia  was  comparatively  uncommon.  Some 
cases  were  seen,  however,  which  conformed  to  the  pattern  set  in  the  Firet 
World  War;  that  is,  an  abrupt  onset  of  the  pneumonia  with  symptoms  of 
pleurisy  and  the  rapid  development  of  a  massive  effusion.  Such  effusions 
were  characteristically  thin  but,  of  0001*86,  infected.  The  opportunity  to  use 
local  penicillin  therapy  was  seized,  but  the  cases  were  not  sufficiently  numer¬ 
ous  to  draw  any  final  conclusions  as  to  its  efficacy.  Early  in  1944,  one  sta¬ 
tion  hospital  in  the  Third  Service  Command  reported  5  such  cases,  together 
with  10  other  pneumonias,  believed  to  be  streptococcal,  which  did  not  have 
associated  empyema.  At  about  the  same  time,  six  cases  were  present  in  an¬ 
other  hospital  in  the  same  service  command.  These  numbers,  however,  were 
quite  unusual.  Other  varieties  of  bacterial  pneumonia  were  occasionally 
encountered,  but  not  with  sufficient  frequency  to  merit  particular  comment. 

Bacterial  pneumonia  never  became  a  serious  problem  in  the  United  States, 
and  its  response  to  sulfonamides  and  antibiotics  completely  changed  its  sig¬ 
nificance  as  compared  with  the  First  World  War. 

Experience  Overseas 

European  theater 

The  incidence  of  bacterial  pneumonia  in  the  European  theater  was  ex¬ 
tremely  low,  and  the  mortality  almost  nil.  This  small  fatality  rate  can  be 
ascribed,  in  part  at  least,  to  early  diagnosis  and  satisfactory  response  to 
treatment. 

Empyema  following  lobar  pneumonia  was  very  inconspicuous  in  the 
Second  World  War,  When  it  occurred,  it  was  ordinarily  the  result  of  delay 
in  the  institution  of  treatment,  the  pneumonia  at  times  having  been  unsus¬ 
pected.  Other  complications  were  exceedingly  rare. 

The  typing  of  pneumococci  was  always  difficult  overseas.  This  was  no 
doubt  in  part  due  to  lack  of  training  of  laboratory  technicians.  However, 
it  also  appeared  to  be  a  fact  that  the  available  typing  serum  was  weak. 

There  were  a  number  of  scattered  cases  of  bronchopneumonia  in  the 
pjuropean  theater,  particularly  in  the  spring  of  1944,  in  which  the  differen¬ 
tial  diagnosis  between  atypical  and  bacterial  infection  was  in  doubt.  Clin¬ 
ically,  these  cases  resembled  atypical  pneumonia,  but  the  sputum  was  more 
purulent  than  one  expects  in  that  disease  and  contained  a  pathogenic  organ¬ 
ism.  These  cases  occasionally  .showed  a  moderate,  although  not  a  dramatic, 
response  to  sulfonamides.  They  may  have  represented  instances  of  second¬ 
ary  infection  superinqM)sed  on  a  pneumonia  originally  of  viral  origin. 
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Mediterranean  theater 

Preliminary  data  on  pneumonia  in  the  Mediterranean  theater  indieate 
that  there  were  17,715  admissions  for  these  diseases  during  the  jieriod  1042- 
45.  Of  these,  12,908  were  reported  as  primary  atypical  pneumonia,  and  2,448 
(approximately  14  percent)  were  ivgarded  as  bacterial  pneumonia.  There 
were  74  deaths,  and  of  these,  28  were  due  to  bacterial  pneumonia.  Presum¬ 
ably,  the  bulk  of  the  bacterial  itneumonias  were  pneumoccx-cal,  and  pneumo¬ 
coccal  lobar  pneumonia  is  estimated  to  have  caused  about  one-third  of  the 
deaths  from  pneumonia  that  occurred  in  the  theater. 

Other  types  of  bacterial  pneumonia  were  occasionally  noted  in  the  Med- 
iteri’anean  theater  but  in  insufficient  numbers  to  warrant  di.scussion.  A  small 
numl)er  of  cases  in  which  a  green  streptococcus  was  cultivated  from  blood 
and  sputum  are  recorded.  Str.  iur/dan.s  pneumonia  was  a  clinical  rarity,  but 
had  l)een  previously  observed.  It  is  possible  to  speculate  on  the  relation  of 
this  condition  to  atypical  pneumonia,  with  the  streptoc'occus  in  the  role  of 
secondary  invader,  but  no  proof  of  such  I’elationship  exists. 

The  standard  treatment  of  lobar  pneumonia  was  sulfadiazine,  which 
yielded  satisfactory  residts.  Penicillin  was  tried  in  a  limited  numl)er  of  ca.ses 
and  found  to  be  effective.  Occasionally,  in  a  severe  case,  both  agents  were 
used.  Serum  therapy  was  only  recommended  in  very  exceptional  cases. 

MEASLES 

Introduction 

^leasles  (rulteola)  is  a  highly  communicable  virus  disease  with  a  stereo¬ 
typed  clinical  pattern  which  is  universally  familiar.  Susceptibility  to  measles 
is  considered  to  be  almost  universal,  and  one  attack,  in  the  majority  of  per¬ 
sons.  confers  lifelong  immunity.  In  urban  communities,  it  is  more  or  less 
epidemic  in  the  early  spring  of  each  year  with  a  greater  number  of  cases  in 
alternate  years.  Approximately  102,000  cases  of  measles  occuri’ed  in  the  U.S. 
Army  in  the  First  World  War,  with  2,370  deaths.  Associated  infections  were 
a  cause  of  serious  illness,  prolonged  invalidism,  and  death.  In  World  War  11, 
by  contrast,  the  total  number  of  cases  was  60,809,  with  only  33  deaths,  in  spite 
of  the  fact  that  the  Army  was  about  four  times  as  large  and  the  duration 
of  the  war  twice  as  long.  The  seasonal  peak  for  measles  during  World  War  II 
occurred  in  late  winter  or  early  spring,  but  during  World  War  I  peak  inci¬ 
dence  due  to  mobilization  occurred  in  the  late  fall  of  1917.  This  is  of  suffi¬ 
cient  importance  to  warrant  considerable  di.scussion. 

Uncomplicated  measles  is  almost  never  fatal.  The  gravity  of  the  con¬ 
dition  lies  in  complications  caused  by  certaiii  micro-organism.s.  Bacterial 
infections  due  to  pneumococcus,  C.  diphtherhie.  II.  hifu^nzue..  Mycohncterhim 
fuherculo.'^ix.  and  most  particularly  the  hemolytic  streptococcu.s,  are  de.scribed. 

1  he  most  fre<|uent  and  .serious  complications  of  measles  are  pneumonia 
and  otitis  media.  In  the  First  World  War,  there  were  93,629  admis.sions  due 
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to  measles  amon^  enlisted  men  in  the  continental  T’nited  States  and  Kurope 
of  which  bronchopneumonia  and  lobar  (meumonia  were  complications  of 
measles  in  6,283  cases,  with  2.186  deaths.  Similar  data  for  the  entire  Army 
are  not  available.  Suppurative  pleurisy,  undoubtedly  secondary  to  pneumonia, 
occuri-ed  in  645  cases  with  *^68  deaths.  There  were  3.926  instances  of  otitis 
media,  but  only  1*J2  of  these  patients  died,  (direful  studies  of  the  bacteriolojiy 
of  these  complications  inUicated  that  the  hemolytic  sti*ept<x‘<M*cus  was  the 
causative  ajrent  in  nearlv  every  case.  One  may  ask  how  this  se<‘ondarv  infec- 
tion  comes  about.  Does  it  occur  in  a  carrier  of  streptococcus  who  becomes 
infected  with  measles  Does  one  catch  the  .streptococcus  alon^  with  the  virus 
of  measles  or  does  one  become  secondarily  infei'ted  as  a  result  of  living  in  a 
highly  contaminated  environment  after  contracting  the  measles^  It  seems 
likely  that  all  these  mechanisms  play  a  part.  At  one  hospital  in  the  First 
World  War,  for  instance,  the  carrier  I'ate  for  hemolytic  streptococcus  rose 
.steadily  on  measles  wards  from  11  j)ercent  on  admission  to  57  percent  in 
patients  who  had  been  on  the  ward  from  8  to  16  days.  If  noncarriers  of 
streptococcus  with  measles  were  carefully  segregated  from  carriers  at  the 
time  of  admission,  the  difference  in  complications  was  striking,  the  rate  being 
6.4  percent  in  the  noncarriers  as  opposed  to  36.8  percent  in  the  carriers.  While 
the  mechanism  of  secondary  infection  might  not  always  be  clear  in  the  indi¬ 
vidual  case,  it  is  safe  to  conclude  that,  during  a  measles  epidemic  in  a  training 
camj).  the  hemolytic  streptococcus  Iwcame  widely  distributed. 

Following  a  measles  epidemic  with  much  complicating  pneumonia,  pri¬ 
mary  streptococcal  pneumonia  made  its  appearance  in  some  camps.  The  cases 
were  severe,  with  a  high  incidence  of  early  suppurative  pleurisy,  and  a  high 
case  fatality  rate.  This  disease  also  spread  to  the  civilian  population.  It 
seems  likely  that  rapid  passage  from  individual  to  individual  through  the 
mediation  of  measles  enhanced  the  essential  infectivity  and  virulence  of  the 
hemolytic  streptococcus. 

Epidemiological  studies  of  measles  in  the  First  World  War  also  have  an 
intere.sting  bearing  on  inoie  recent  events.  In  such  a  station  as  Camp  Pike, 
Ark.,  which  drew  its  recruits  from  the  rural  regions  of  Alabama,  Arkansas, 
Louisiana,  ^Mississippi,  and  Tennessee,  the  rate  was  enormously  higher  than 
in  catnps  drawing  from  ttrban  areas.  Thus,  the  admission  rate  for  measles 
among  white  enlisted  men  at  Camp  Pike  was  164.67  per  1,000  per  year,  com¬ 
pared  to  7.27  at  Camj)  Di.x,  X.J.  For  white  and  colored  eidisted  men  com¬ 
bined.  the  admission  rates  were  142.05  per  1,000  per  year  for  Camp  Pike  and 
7.73  for  Camp  Di.x.  Moreover,  as  might  be  expected,  the  incidence  of  measles 
was  highest  in  recruits  less  than  2  months  in  camp.  Thus,  it  was  essentially 
a  disease  of  country  boys  coming  for  the  first  time  in  their  lives  into  a  densely 
crow«led  environment. 

The  only  tenable  explanation  of  the  much  lower  rates  for  measles  in  the 
Second  World  War  is  that  the  miml>er  of  .susceptibles  was  much  smaller. 
There  is  no  question  that  a  great  change  in  habits  of  life  occurred  in  rural 
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America  between  the  two  World  Wai’s.  In  1910.  rural  districts  were  fairly 
well  isolated;  it  was  the  “horse  and  bugjiy  era”;  the  facilities  of  travel  were 
limited;  people  stayed  on  the  farm.  By  1935,  all  this  had  changed.  There 
was  a  moving  picture  house  in  nearly  every  village;  schools  were  larger,  and 
education  was  more  centralized.  As  a  result,  the  count boy  growing  up  in 
this  decade  had  far  more  opportunity  for  exposure  to  the  exanthemata  of 
childhood  with  a  consequent  reduction  in  susceptibility  rate  at  the  time  of 
induction  into  the  Army.  Although  there  is  no  firm  statistical  basis  for  this 
conclusion,  one  cannot  avoid  feeling  that  it  must  be  correct. 

Complications  of  measles  were  much  less  conspicuous  in  AVorld  War  II. 
Undoubtedly,  this  was  related  to  the  low  incidence  of  the  disease.  AVhere 
cases  are  sporadic,  rather  than  epidemic,  the  widespread  dissemination  of 
virulent  streptococci  is  unlikely  to  take  place.  Moreover,  the  use  of  sulfadia¬ 
zine  in  cases  with  threatened  or  actual  complications  unquestionably  served 
to  modify  the  picture.  Part  of  the  small  number  of  deaths  were  probably  due 
to  secomiary  infection;  some  may  have  occurred  as  a  result  simply  of  over¬ 
whelming  virus  infection  or  complicating  encei)halitis. 

An  average  of  about  13  days  was  lost  to  duty  for  each  case  of  measles. 


Experience  in  the  Continental  United  States 

Most  of  the  measles  in  the  Army  took  place  in  the  United  Stales  for  the 
reasons  just  mentioned;  that  is,  that  it  is  essentially  a  disease  of  unseasoned 
troops  first  entering  military  life.  Actually,  54,388  cases  occurred  in  the 
Ignited  States  as  contrasted  with  6.421  overseas.  The  largest  number  and  the 
highest  rates  were  reported  in  1943,  although  in  the  civilian  population  the 
absolute  numbers  of  cases  were  about  the  same  in  1942,  1943,  and  1944.  As 
in  the  First  World  War,  the  disease  was  seasonal,  but  the  peaks  were  much 
lower.  In  other  words,  while  the  total  number  of  cases  was  considerable, 
measles  never  became  a  really  serious  military  problem. 

The  relative  insignificance  of  complications  is  illustrated  by  a  report  of 
400  cases  of  measles  at  the  Station  Hospital,  Fort  Sill.  Okla.,  in  which  otitis 
media  occurred  but  6  times.®^  Three  hundred  of  these  were  given  sulfona¬ 
mides,  but  100  control  cases  were  untreated.  Xo  difference  was  noted  in  the 
clinical  course  of  the  treated  as  opposed  to  the  control  cases. 

Suppression  or  modification  of  measles  following  exposure  by  the  injec¬ 
tion  of  convalescent  serum  or  immune  globulin  are  established  procedures  in 
pediatric  practice.  Measles  in  the  Army,  however,  never  was  sufficiently  seri¬ 
ous  to  warrant  the  generalized  use  of  these  measures.  Similarly,  no  attempt 
was  made  to  apjjly  the  principles  of  active  immunization,  although  interest¬ 
ing  preliminary  studies,  under  the  direction  of  the  Commission  on  Measles 

01  Haerem,  A.  T. :  Treatment  of  Measles  and  Mumps  With  Three  Well-Known  Sulfonamides.  Mil. 
Siirpcoii  i)2  :  .106  109,  March  1941. 
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and  Mumps,  Army  Epidemiological  Board,  indicated  the  immunizing  value 
of  artificially  cultivated  measles  virus.®- 

Experience  Overseas 

Measles  rates  in  the  European  theater  were  low,  a  total  of  2,554  cases 
l^eing  reported.  The  disease  was  sporadic,  and  nothing  in  the  nature  of  a  real 
epidemic  ever  developed.  Clinically,  the  cases  presented  no  unusual  features. 
Sulfadiazine  was  administered  to  most  of  the  patients  for  several  days  during 
the  acute  phase.  Only  one  death  was  attributed  to  the  disease. 

Between  1  January  1943  and  31  March  1945,  612  cases  of  measles  with 
no  deaths  were  reported  in  the  Mediterranean  theater. 

MUMPS 

Introduction 

Of  the  so-called  communicable  diseases  of  childhood,  mumps  (epidemic 
parotitis)  was  the  most  common  in  the  IT.S.  Army.  There  were  103,055  cases 
i-ecorded  lietween  1942-45  compared  with  approximately  237,000  during  the 
First  World  War,  for  a  much  smaller  number  of  men  over  a  shorter  i)eri<)d 
of  time.  This  marked  reduction  was  greater  than  that  for  measles,  the  com¬ 
parable  figures  being  60,809  and  102,000,  respectively. 

No  exact  explanation  of  the  reason  for  this  is  possible,  but  a  plausible 
hypothesis  suggests  itself.  As  has  already  been  pointed  out  in  the  section  on 
measles,  a  change  in  the  living  habits  of  rural  America  probably  permitte<l 
more  exposure  in  childhood  and  resulted  in  fewer  susceptibles  of  militarj’  age. 
Measles  is  more  highly  communicable  than  mumps;  therefore,  when  measles 
occurs  under  conditions  of  military  life,  where  opportunity  for  spread  of  epi¬ 
demic  disease  is  excellent,  it  is  likely  that  a  higher  percentage  of  the  non- 
immunes  will  contract  measles  than  mumps.  Thus,  the  proportionate  decline 
in  the  incidence  of  the  two  diseases  during  the  two  World  Wars  might  l)e 
expected  to  be  greater  in  measles,  the  highly  communicable  disease,  than  in 
mumps,  the  disease  of  lesser  communicability. 

Complications 

Mumps  is  a  specific  virus  infection  with  a  particular  tendency  to  localiza¬ 
tion  in  the  parotid  glands.  In  the  majority  of  cases,  the.se  are  the  only  organs 
clinically  affected.  However,  a  number  of  other  glands  and  structures  are 
ordinarily  spoken  of  as  complications,  although  they  are  probably  l)etter 
regarded  as  additional  manifestations  of  the  virus  infection.  Generally  speak- 

•*-  (1  )  Stokes,  J.,  Jr.,  O’Neil,  G.  C..  Shaffer,  M.  F..  Rake,  G.,  and  Maris,  E.  P. :  Studies  on  Measles. 
IV.  Results  Foilowlng  Inoculation  of  Children  With  Egg-l’a.ssage  Measles  Virus.  J.  Pediat.  22:  .3  18, 
January  194.3.  (2)  Maris,  E.  P.,  Rake,  G.,  Stokes,  J.,  Jr.,  Shaffer,  M.  F.,  and  O’Neil.  G.  C.  :  Studies 

on  Measles.  V.  Results  of  Chance  and  Planned  Exposure  to  Unmodified  Measles  Virus  in  Children 
Previously  Inoculated  With  Egg-Passase  Measles  Virus.  J.  Pediat.  22:  17-19,  January  194:!. 
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iiijr.  these  coiuplifut’uuis  aiv  troublesome,  but  not  parti**ularly  serious.  Mumps 
is  essentially  a  nonfat al  di.sease,  ami  in  the  Fii'st  World  War  the  only  deaths 
iHTurreil  as  a  ivsult  of  infiv«pient  seeomlary  infei-tions,  sueh  as  pneumonia. 
At  that  time,  the  ease  fatality  rate  wheiv  mumps  was  the  primary  eatise  of 
admission  was  0.08  pen'ent.  As  theiv  weiv  only  five  deaths  from  mumps 
reported  for  the  entiiv  I’.S.  Army  during  the  lSe<-ond  World  War,  it  can  be 
seen  that  even  the  cited  low  fijjure  was  markedly  reduced. 

Perhaps  the  most  striking;  of  thest*  so-calle«l  complications  is  orchitis 
which  develops  as  a  rule  when  the  parotitis  is  subsiding.  Kai’ely  it  is  said 
to  l)e  the  only  manifestation  of  mumps.  In  a  recent  study  of  the  disease  in 
civilian  life,  orchitis  is  stated  to  <K-cur  in  18  i)eivent  of  cases  of  mumps,  and 
in  about  one-si.xth  of  these  the  c«mdition  is  bilateral.**  ItJ  over  .'»0  |)ercent. 
some  atrophy  is  sjiid  t<j  result,  but  ensuing  sterility  is  claimed  to  l»e  raiv. 
probably  because  the  cases  aiv  unilateral,  and  even  in  bilateral  cases  with 
atrophy  a  sufficient  amount  of  spermatojjenic  tissue  is  left  intact.  The  authoi's 
of  this  paper  recommend  surjri<‘al  dec-ompmssion  in  severe  cases,  a  procedure 
which  was  tried  at  times  in  the  Army  during  World  War  II  with  allegedly 
gcKul  i-esults.*^  It  seems  likely  that  comparatively  few  cases  are  sufficiently 
severe  to  reipiire  stich  an  o[)eration.  It  is  i-eported  to  cause  remarkable  I'elief, 
however,  in  patients  with  very  marked  swelling,  intolerable  pain,  and  high 
fever. 

Pancreatitis  may  l>e  another  complication  of  mumps.  How  often  it  (kvui-s 
is  imi)ossible  to  say.  The  clinical  diagnosis  is  occasionally  made  on  the  basis 
of  the  appearance  of  upi^er  abdominal  pain,  nausea,  and  vomiting  during  the 
course  of  mumps.  I'nfortunately.  there  would  apjjear  to  l)e  no  means  of 
laboratoi-y  confirmation,  for  a  study  at  Camp  Adair.  Oreg,,®'*  showed  that  the 
level  of  blo<Ml  diastase  was  elevated  in  73  i)ercent  of  cases  of  mumps.  Only 
ir»  percent  of  these  had  any  symptoms  of  pancreatitis,  and  it  was  assumed 
that  the  diastase  originated  in  the  affected  salivary  glands  rather  than  in  the 
pancreas.  In  any  event,  pancreatitis  is  an  unpleasant  rather  than  a  serious 
complicat  ion. 

The  virus  of  mumps  can  also  cause  meningoencephalitis  which  manifests 
itself  as  a  rule  by  headache,  some  stiffness  of  the  neck,  and  increased  cell 
<‘ount  in  the  spinal  fluid.  Although  more  severe  central  nervous  system  mani¬ 
festations  cun  occur,  this  complication  is  usually  a  rather  mild  one  of  short 
duration.  Complete  recovery  is  the  rule. 

In  World  War  I,  mumps  was  third  in  order  of  importance  as  a  cause  for 
noneffectiveness;  in  World  War  II,  with  less  than  half  the  number  of  cases, 
it  was  obviously  less  im2>ortant.  However,  as  the  average  number  of  days  lost 

89  Wenselhoeft.  C.,  and  V*oso,  S.  N. :  SiirRical  Treatment  of  Severe  Orchitis  in  Mumps.  New  Eng¬ 
land  J.  Med.  227  :  277  280.  20  Aur.  1042. 

84  (1)  McGiilnness,  C.,  and  Gall,  E.  :  Mumps  at  .\rm,r  Camps  In  1943.  War  Med.  3  :  95-104. 
February  1044.  (2)  Nixon,  N.,  and  liOwls.  I>.  It. :  Mumps  Orchitis  ;  Surgical  Treatment.  Air  SurRtHin's 
Hull.  2:  152-154,  .Mn.v  1945. 

89  Zelman.  S. :  Hlooil  IMnstase  ValiieM  In  Mumps  and  Mumps  I*nncrentitis.  Am.  J.M.  Sc.  207  :  401- 
404,  April  1944. 
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to  duty  for  each  case  was  about  18  during  World  War  II,  it  remained  one 
of  the  major  causes  of  noneifectiveness  among  the  acute  infections,  being  sur¬ 
passed  only  by  hepatitis,  common  respiratory  diseases,  the  pneumonias,  gono¬ 
coccal  infections,  malaria,  syphilis,  and  dermatophytosis.  Mumps  usually 
begins  in  the  late  autumn,  and  there  is  a  slow  development  of  the  epidemic 
during  the  winter  and  spring.  It  is  not  as  explosive  as  measles.  On  the  other 
hand,  the  incidence  may  rise  sharply  when  a  unit  with  sporadic  mumps  is 
closely  packed  in  together  for  a  long  period  of  time,  as  happens  on  a  trans¬ 
port  on  a  protracted  sea  voyage.** 

Experience  in  the  Continental  United  States 

As  with  other  so-called  childhood  communicables,  the  greatest  incidence 
of  mumps  occurs  in  the  first  months  of  Army  service.  Mumps  occurred  at 
some  time  in  all  Army  camps  and,  at  times,  was  sufficiently  prevalent  to  be 
called  epidemic.  One  such  epidemic  at  Camp  McCoy,  Wis.,  was  reported  in 
detail  by  McGuinness  and  Gall.  During  a  7-month  period,  1,378  cases  were 
treated  in  the  station  hospital.  The  slow  evolution  of  the  epidemic  is  note¬ 
worthy,  the  peak  of  194  cases  not  being  reached  until  the  l7th  week.  One 
group  of  soldiers  was  predominantly  from  the  rural  areas  of  the  South.  This 
group,  roughly  equal  in  size  to  the  other  group  from  the  industrialized  North, 
contributed  84  percent  of  the  cases.  Nearly  half  the  companies  in  the  north¬ 
ern  group  had  but  one  case  each,  whereas  in  one  southern  company  19  percent 
of  the  men  contracted  the  disease.  Orchitis  occurred  in  slightly  over  36  per¬ 
cent  of  the  cases  in  this  epidemic  as  compared  to  15  percent  of  some  250  to  300 
cases  in  an  epidemic  in  two  large  campt>  in  the  Fourth  Service  Command. 
This  relationship  was  borne  out  elsewhere;  that  is,  the  larger  the  epidemic, 
the  higher  the  incidence  of  complicating  orchitis.  Orchidotomies  were  per¬ 
formed  in  83  cases  at  Camp  McCoy  with  what  were  described  as  good  results. 
An  attempt  to  ward  off  orchitis  by  enforcing  2  weeks  of  bed  rest  was  a  failure. 
The  complication  appeared  to  be  as  frequent  as  in  ambulatory  patients.  Of 
the  entire  series  of  mumps  cases,  one-third  were  moderate  in  degree,  and  one- 
third  severe.  Clinical  meningoencephalitis  was  uncommon. 

Other  interesting  observations  were  made  elsewhere  in  regard  to  orchitis. 
For  example,  no  relationship  between  incidence  of  this  complication  and  pre¬ 
ceding  gonorrhea  *^  could  be  found.  Generally  speaking,  treatment  with  con¬ 
valescent  serum  was  found  ineffective  in  preventing  orchitis,**  except  in  a 
small  series  treated  with  serum  drawn  from  convalescent  orchitis  cases.  Here, 
there  was  an  apparent  reductit>n  in  incidence  to  4.2  percent  from  an  average 
of  about  20  percent. 

BO  Demon,  U.,  and  Le  Hew,  E.  W. :  A  Mumps  Epidemic  in  a  Small  Task  Force.  Am.  J.M.  Sc.  208 : 
240-247,  August  1944. 

6'  See  footnote  66. 

BB  Bailey,  W.  H.,  and  Haerem,  A.  T. :  Some  Observations  on  tbe  Efficacy  of  Convalescent  Serum 
in  Mumps.  Mil.  Surgeon  90  :  134-139,  February  1942. 
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No  advance  in  ti-eatinent  of  nncoinplicated  ir  ;pos  was  i-ecorded.  At  one 
station  Iiospital  in  the  Third  Service  ('uininand,  /»inizing  did  not  appear 
to  ameliorate  symptoms  in  a  small  series  of  cases. 

On  the  whole,  it  may  be  stated  that,  while  not  infrequently  bothersome, 
mumps  di<l  not  constitute  a  very  serious  military  problem. 

Experience  Overseas 

As  in  measles,  mumps  was  moi-e  common  in  the  United  States  than  over¬ 
seas.  although  the  difference  was  less  marked.  About  nine  times  as  many 
cases  of  measles  wei-e  re[)orted  at  home  as  abroad;  about  four  times  as  many 
cases  of  mumps  were  reported.  This  difference  is  presumably  due  to  the  lower 
communicability  of  mumps.  The  disease  tended  to  be  mild  in  the  Euro[)ean 
theater.  It  was  somewhat  more  common  in  Negroes  than  in  white  troops. 
A  number  of  complications,  particularly  orchitis,  was  observed,  but  they  did 
not  prove  very  troublesome.  It  was  the  writer's  impression  that  bed  rest  had 
little  influence  on  the  likelihood  of  development  of  orchitis. 

Koutine  lumbar  punctures  wei-e  done  on  a  number  of  consecutive  cases 
of  mumps,  at  the  30th  General  Hospital,*"  Nottinghamshire,  England,  and  in 
about  half  of  them  the  spinal  fluids  showed  pleocytosis.  On  the  other  hand, 
only  10  percent  of  the  cases  showed  clinical  evidence  of  meningoencephalitis. 
This  indicates  that  the  central  nervous  system  is  affected  by  the  virus  much 
more  often  than  was  fornierly  believeil  but  that  in  most  cases  the  infection  is 
asymptomatic.  In  this  connection,  it  is  worth  remarking  that  a  very  occa¬ 
sional  cast*  of  mild  encephalitis  without  mumps  was  seen  in  an  individual 
fi’oni  a  unit  in  which  the  disease  was  epidemic.  It  was  suggested  that  such 
cases  were  actually  mumps  meningoencephalitis  without  parotitis.  This  may 
well  be  true,  although  there  was,  of  course,  no  way  of  verifying  the  diagnosis. 

The  question  of  length  of  quarantine  of  patients  was  considered  In’  the 
infectious  disease  board.  The  board  suggested  that  isolation  of  the  individual 
case  could  l)e  terminated  as  soon  as  all  evidence  of  swelling  had  disappeared 
and  there  was  no  fever  or  other  nianifestations.  This  resulted  in  considerable 
shortening  of  hospital  stay  for  the  mild  cases  and,  as  far  as  one  could  tell, 
produced  no  untoward  consequences. 

From  1  January  1943  to  31  March  1945,  inclusive,  approximately  1,700 
cases  of  mumps  were  reported  in  the  Mediterranean  theater. 

INFECTIOUS  MONONUCLEOSIS 
Introduction 

Infectious  mononucleosis  is  a  fairly  common  disease  which  affects  males 
somewhat  more  than  females  and  which  shows  a  predilection  for  people  under 

69  Potter,  H.  W.,  and  Bronateln,  I..  11. :  Some  Clinienl  Cbaracteriiitics  of  Mumpa,  and  the  Effect 
of  Belladonna  In  Treatment ;  .\  Study  Made  at  the  Station  Hospital.  Fort  George  G.  Meade.  Maryland. 
.\nn.  Int.  Med.  21  ;  469-474,  .September  1944. 

70  Kirkland,  H.  B.,  and  Brown.  J.  W. :  Mumps  Complicated  by  Menlngo-encephalltls.  KTO  Me<l. 
Bull.  9 :  9-10,  September  1943. 


KKSl‘IKATOUY  DISEASKS 


39 


30  years  old.  A  survey  at  Harvard  Univereity,  Cambridge,  Mass.,  in  1944, 
indicated  that  it  caused  1.5  percent  of  all  student  admissions  to  the  infirmary."^^ 
Therefore,  one  would  expect  to  encounter  it  quite  often  in  the  Army. 

It  was  frequently  recognized  in  the  U.S.  Army,  but  it  is  probable  that 
the  reported  incidence  is  considerably  below  the  actual.  Infectious  mononu¬ 
cleosis  presents  itself  in  a  number  of  clinical  forms  and  is  often  sufficiently 
vague  in  character  to  escape  detection  unless  one  is  on  the  alert.  The  classical 
form  with  sore  throat,  enlargement  of  the  upper  deep  cervical  lymph  glands, 
palpable  spleen,  and  rather  prolonged  fever,  is  easily  recognized,  either  imme¬ 
diately  or  during  a  w’orkup  to  e.xclude  such  conditions  as  syphilis  or  Hodgkin’s 
disease.  On  the  other  hand,  it  is  probable  that  nearly  20  percent  of  patients 
have  no  abnormal  lymph  gland  enlargement.  In  some  cases,  the  presenting 
feature  is  an  ulcerative  throat  infection  of  the  Vincent's  type,  from  which 
Vincent’s  organisms  are  obtained.  There  may  be  an  associated  stomatitis, 
A  small  percentage  of  patients  will  have  jaundice,  which  may  be  confused 
with  infective  hepatitis  of  the  ordinary  type.  Some  cases  show  a  skin  erup¬ 
tion  which  may  be  purpuric  or  resemble  German  measles.  Mumps  also  may 
be  simulated.  Evidence  of  meningoencephalitis  is  found  on  rare  occasions. 
Lastly,  some  of  the  cases  are  extremely  mild  and  therefore  likely  to  lie  dis¬ 
missed  as  undifferentiated  respiratory  infection. 

In  connection  with  jaundice,  a  study  at  the  Station  Hospital.  Boca  Raton 
Army  Air  Field,  Fla.,  is  worthy  of  mention.’^  Serial  liver  function  tests 
performed  in  15  consecutive  cases  of  infectious  mononucleosis  showed  some 
evidence  in  every  case  of  deranged  liver  function,  although  clinical  jaundice 
was  not  present  in  any  of  the  cases.  Since  World  War  II,  it  has  become  recog¬ 
nized  that  the  cephalin  flocculation  reaction  is  almost  invariably  positive  in 
mononucleo.sis.  It  has,  in  fact,  become  a  useful  ancillary  aid  in  diagnosis. 

The  etiological  agent  of  infectious  mononucleosis  is  still  unknown,  but  is 
not  lielieved  to  be  any  of  the  several  microlies  which  have  been  described  in 
the  past.  It  may  well  be  a  filterable  virus,  although  transmission  experiments 
have  usually  been  unsuccessful.  Nor  has  the  mode  of  transmission  been  estab¬ 
lished.  It  is  apparently  infectious,  and  occasional,  localized  epidemics  with 
a  high  incidence  have  been  described.  The  communicability  would  seem  to 
be  usually  rather  low  as  many  of  the  cases  are  .sporadic,  without  history  of 
contact.  Moreover,  cases  are  treated  on  an  open  ward  in  most  hospitals,  and 
the  disease  does  not  appear  to  spread  under  these  circumstances.  If  it  is  true 
that  infection  is  widespread  but  that  most  of  the  cases  are  subclinical,  then 
the  phenomenon  of  apparent  low  communicability  would  be  explained. 

Infectious  mononucleosis  is  a  lienign  disease  with  a  mortality  that  may 
be  considered  nil,  though  death  may  result  from  conditions  complicating  the 

Contratto,  A.  W. :  InU'ctlous  MononucleosiH  ;  A  Study  of  190  Casus.  Arch.  Int.  Med.  73:  449- 
459,  Jane  1944. 

12  Cohn,  C.,  and  Lidman,  B.  I.  :  Hepatitis  Without  Jaundice  in  Infectious  Monnnuoieosis.  J.  Clin. 
Investigation  25  :  145-151.  January  1946. 
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dist‘iists  as  lias  Ikhmi  iTcm-iUHl  in  sevtMal  ivpofts.^^  The  tlisease  may  jiersist  ftir 
several  weeks  ami  rtMjuire  eonsideralile  aihiitional  time  liefore  convalescence 
is  complete.  Sixty  janrent  of  a  sm-ies  of  cases  in  the  Army  siient  more  than 
3  weeks  in  the  hospital. 

Experience  in  the  Continental  United  States 

Durinjr  1944,  it  Ixvame  clear  that  in  certain  amis  in  the  Fourth  and 
Eighth  Service  (Commands  infivtioiis  mononucleosis  was  lieing  more  frequently 
Imported  than  formerly  and  was  pivsumahly  mildly  epidemic.  An  extensive 
clinical  study  at  a  station  hospital  in  the  Eighth  Service  C^ommand  rt'viewed 
the  findings  in  some  .^>56  cast's  <K*curring  over  a  period  of  about  a  year."^* 
Sevei'al  [mints  of  interest  were  noted  in  this  ext'ellent  rtqiort.  The  di.sease  was 
found  in  more  than  the  anticipated  number  of  Negroes,  in  whom  it  was  for- 
merely  thought  to  lie  i-.ire.  Skin  manifestations  ot'curred  in  Hi  [lercent  of  all 
the  ca.ses,  a  higher  figure  than  has  lieen  commonly  recorded.  In  23  percent 
of  223  jiatients  on  whom  cardiograms  were  taken,  some  abnormality  was 
noted,  usually  of  the  'F-waves.  Six  [lercent  of  the  patients  were  jaundiced, 
but  unequiviK'al  meningoencephalitis  occurred  only  once.  The  authors  also 
noted  14  cases  in  which  there  was  radiographic  evidence  of  pneumonitis,  a 
complication  which  has  received  scanty  attention  in  the  literature.  The  rest 
of  the  clinical  manifestations  conformed  to  the  varied  picture  which  has 
already  lieen  descrilied.  The  blood  counts  were  typical,  and  heterophile  anti¬ 
body  titers  of  1 : 112  or  higher  wei’e  noted  in  most  of  the  cases.  Very  few  had 
titers  lielow  1 :  56.  False-imsitive  Kahn  tests  were  only  noted  in  8  of  263  cases, 
and  the  incidence  of  other  false  senilogical  mictions,  that  is,  Weil-Felix, 
Widal,  cold  agglutination,  was  exceedingly  low. 

In  contrast,  what  was  descrilied  as  an  epidemic  of  91  cases  of  infectious 
mononucleosis  in  the  (’aribliean  Defense  Command  occurred  in  the  autumn 
of  1944.  Of  these,  48,7  percent  showed  an  exanthem,  and  the  titer  of  hetero- 
[ihile  antibodies  was  remarkably  low.  in  the  majority  being  lielow  1:28. 
A  Weil-Felix  reaction  of  almve  1:  160  was  found  in  half  the  cases.  More¬ 
over,  thei’e  were  numerous  other  transient  .serological  reactions,  such  as  the 
Kahn,  Widal,  and  cold  agglutinin  tests,  a  finding  which  has  been  noted  in 
typhus.  Histological  studies  of  a  few  excised  glands  were  made  at  the  U.S. 
Army  Medical  Museum,  Washington,  I),C.,  and  the  findings  were  not  typical 
in  all  of  them.  Altogether,  there  is  a  strong  su.spicion  that  this  outbreak  may 
have  been  rickettsial  in  nature. 

In  summary,  it  may  be  stated  that  while  infectious  mononucleosis  was 
fairly  common,  it  was  not  a  serious  medical  problem  in  the  continental 
United  States.  It  is  estimated  from  sample  tabulations  that  about  21,000 

M  (1)  HtTUHtflii.  A.:  Infections  Mononucleosis.  Medicine  10:  85-150,  February  1040.  (2)  Cua- 

ter,  U.  P.,  and  Smith.  E.  H. :  I'ntholoKy  of  Infei'tious  Mononucleosis.  Blood  3:  8.30-857,  August  1048. 

t't  Weclisler,  H.  F..  Kosenbluni.  A.  H.,  and  Sills,  C.  T.  :  Infectious  Mononucleosis  ;  Report  of  an 
Epidemic  in  an  .Vrmy  I’o.st.  Ann.  Int.  M«m1,  25:  113,  July:  236,  August  1040. 
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cases  occurred  in  the  total  U.S.  Army  during  the  period  1!)42— 15,  of  which 
about  15,000  were  in  the  continental  United  States. 

Experience  Overseas 

Sporadic  cases  of  infectious  mononucleosis  were  observed  in  the  European 
theater  throughout  World  War  II  where  the  case  rate  was  about  one-half  that 
in  the  United  States.  At  one  time,  the  disease  was  mildly  epidemic  in  an  area 
of  East  Anglia,  where  a  considerable  number  of  cases  was  reported  among 
Army  Air  Force  personnel,  and  also  among  the  personnel  of  the  2d  Evacua¬ 
tion  Hospital.  In  one  of  these,  a  most  unusual  complication  occurred,  spon¬ 
taneous  rupture  of  the  spleen.  The  patient  recovered  following  splenectomy. 
Tliis  epidemic  was  not  of  sufficient  magnitude  significantly  to  affect  military 
operations. 

As  might  be  expected  in  any  disease  with  such  varied  manifestations, 
very  unusual  clinical  cases  were  observed.  One  patient,  for  instance,  had  a 
severe  thrombocytopenic  purpura  during  the  acute  phase  of  the  disease.’“  The 
writer  saw  a  patient  who  was  nearly  exsanguinated  owing  to  hemorrhage  from 
an  ulcerative  pharyngitis.  He  recovered  following  transfusions  and  penicillin 
therapy.  This  indicates  that  the  associated  Vincent's  infection  in  mononu¬ 
cleosis  may  be  a  dangerous  complication.  No  useful  purpose  is  sei-ved  in 
multiplying  these  remembered  clinical  curiosities. 

RUBELLA 

Rubella  (German  measles)  is  the  mildest  of  the  exanthemata  of  child¬ 
hood.  Unlike  the  others,  it  is  almost  wholly  uncomplicated,  and  the  mortality 
rate  is  usually  stated  as  nil.  The  disease  is  highly  communicable,  but  the 
symptoms  are  so  trifling  and  the  resulting  disability  of  such  short  duration 
that  its  only  importance  is  its  nuisance  value.  Clinically,  it  may  cause  some 
difficulty  in  differential  diagnosis  as  it  can  be  mistaken  for  other  diseases, 
such  as  measles,  infectious  mononucleosis,  drug  eruptions,  scarlet  fever,  or 
even  syphilis. 

Although  the  diagnosis  is  purely  clinical,  it  seems  probable  that  German 
measles  in  its  usual  form  is  recognized  with  some  accuracy  by  clinicians  of 
wide  experience.  However,  the  differential  diagnosis  between  it  and  measles 
may  be  difficult  for  others  less  experienced.  This  point  is  brought  up  because 
of  certain  peculiarities  in  its  reported  behavior  during  World  War  II.  In 
the  first  place,  unlike  measles  and  mumps,  rates  were  higher  than  in  World 
War  I.  This  is  difficult  to  explain  unless  the  low  rates  for  the  First  World 
War  resulted  from  marked  under  reporting  of  a  trifling  malady.  Secondly, 
seven  deaths  were  ascribed  to  German  measles,  and  the  average  days  lost  to 
duty  (9)  was  not  much  lower  than  the  number  lost  owing  to  measles  (13  days) . 

75  Lloyd,  P.  C. :  Acute  Thrombocytopenic  Purpura  in  Infectious  Mononucleosis ;  Report  of  a  Case. 
Am.  J.M.  Sc.  207  :  620-624,  May  1944. 
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Lastly,  there  was  a  strikin<»  i)eak  in  tlie  iuoideiiee  of  Gerinau  measles  in  1943, 
the  year  of  the  highest  rate  for  measles.  All  the.se  facts  create  the  su.spicion 
that  cases  of  measles  were  being  report e<l  as  (lermau  measles.  The  most  im¬ 
portant  ilitferentiating  points  are  the  ilitferent  modes  of  onset  of  the  two 
diseases,  and  the  exanthem  of  true  measles. 

There  were  13,5,830  cases  of  German  measles  reported  in  World  War  II. 
of  which  125,530  occurred  in  the  United  States.  If  these  figures  are  acctirate. 
it  caused  more  noneffectiveness  than  measles.  It  was  an  inconsequential 
malady,  of  extremely  benign  character,  and  pre.sented  no  clinical  features 
worthy  of  discussion.  However,  the  interesting  observation  made  in  Australia 
during  the  Second  World  War  that  German  measles  occurring  in  the  first 
2  months  of  pregnancy  is  as.sociated  witli  a  high  incidence  of  congenital  mal¬ 
formations  of  the  newborn^®  was  obviously  devoid  of  militarv  significance. 


Part  II.  Chronic  Respiratory  Diseases 
CHRONIC  BRONCHITIS 

“('hronic  bronchitis”  is  a  rather  loose  diagno.stic  term  which  does  not 
usually  indicate  a  clear-cut  pathological  or,  for  that  matter,  clinical  entiiy. 
One  variety  is  the  chronic  cough  of  older  men,  usually  more  marked  in  win¬ 
ter.  Some  of  these  individuals  may  have  occasional  wheezing  rales;  in 
others,  there  are  no  noteworthy  physical  signs.  X-rays  of  the  chest  may 
show  some  exaggeration  of  the  bronchial  markings,  but  often  the  diagnosis 
is  a  presumptive  one  based  on  the  observation  of  a  chronic  cough.  As  the 
individual  grows  older,  he  may  develop  varying  degrees  of  emphysema  with 
its  attendant  effects  on  respiratory  physiology.  Cigarette  smoking  and 
chronic  disorders  of  the  upper  respiratory  tract  are  most  assuredly  contribut¬ 
ing  factors  to  the  condition.  Because  of  the  age  distribution  of  Army  per¬ 
sonnel,  this  type  of  chronic  bronchitis  was  more  often  seen  on  the  officers 
wards.  In  some  climates,  it  tended  to  get  worse.  It  was  the  writer’s  impres¬ 
sion,  for  instance,  that  elderly  officers  coughed  more  in  England  than  they 
had  at  home.  Dampness,  unheated  billets,  and  excessive  smoking  undoubt¬ 
edly  contributed  to  thi.s.  It  has  also  been  remarked  that  in  a  tropical  climate, 
such  as  Panama,  soldiers  with  a  history  of  recurrent  acute  bronchitis  tend 
to  develop  chronic  bronchitis.’^ 

The  management  of  these  cases  was  largely  a  matter  of  appraisal.  In 
the  author’s  experience,  it  was  almost  always  impossible  to  persuade  an 
officer  stationed  overseas  to  stop  smoking.  If  the  condition  were  deemed 

78  Swan,  C..  Tostevin,  A.  L.,  Moore,  B.,  Mayo,  H.,  and  Black,  G.  H.  B. :  ConKcnttal  Defects  In 
Infants  Following  Infectious  Diseases  During  Pregnancy,  With  Special  Reference  to  the  Relationship 
Between  German  Measies  and  Cataract,  Deaf-Mutism,  Heart  Disease  and  Microcephaly,  and  to  Period 
of  Pregnancy  in  Which  Occurrence  of  Rubella  is  Followed  by  Congenital  Abnormalities.  M.J.  Aus¬ 
tralia  2:  201-210,  11  Sept.  194.3. 

77  Cohen,  A.  G.  :  An  Early  Form  ot  Chronic  Bronchitis  in  Panama.  War  Mod.  5  ;  105-108,  Febru¬ 
ary  1944. 
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incompatible  with  any  kind  of  duty,  the  patient  was  boarded  home.  At 
times,  it  was  possible  to  effect  a  change  in  his  working  and  living  conditions. 
On  the  whole,  however,  then'  was  little  in  the  way  of  medical  treatment 
which  could  be  offered.  Diag:i.)sis  of  chronic  bronchitis  was  sometimes  used 
as  a  handy  means  of  returuii'  i;  home  elderly  officers  who  had  outlived  their 
usefulness  in  an  oversea  theater. 

A  just  appra'sal  of  the  importance  of  <‘hroiuc  bronchitis  in  the  Army 
is  difficult.  It  never  seemed  to  l>e  a  uuijor  problem,  and  yet  preliminary  data 
based  on  sample  tabulations  indicate  that  the  disease  was  responsible  for 
about  34,000  admissions  during  the  period  194*2-45.  Nearly  half  of  these 
CK'curred  overseas.  'I'lie  tigure  seems  extraordinarily  high  and,  perhaps, 
indicates  that  the  diagnosis  was  freely  used  to  <lesignate  any  case  of  chronic 
cough. 

Mustard  gas  is  a  recognized  cuu.se  of  chronic  bronchitis.  Had  tliis  or 
other  irritating  inhalants  been  employed  in  any  of  the  campaigns,  the  dis¬ 
ease  might  well  have  become  a  major  problem.  During  World  War  II,  vir¬ 
tually  the  only  indivichuils  at  risk  were  those  engaged  in  the  manufacture  of 
mustard  gas.  A  few  cases  were  reported.”* 

Asthma. — The  dividing  line  between  chronic  broiu'hitis  and  asthma  is 
often  not  very  clear  cut.  In  younger  individuals,  chronic  bronchitis  is  often 
of  an  asthmatic  character:  that  is,  it  ma\  be  really  a  manifestation  of  asthma 
of  the  endogenous  or  intrinsic  type.  These  asthmatic  bronchitides  tended  to 
get  worse  overseas.^®  Moreover,  it  is  interesting  to  note  that,  in  one  series 
of  28  asthmatics  whose  initial  attack  occurred  in  tlio  Army,  in  23  it  devel- 
o|}ed  overseas.*®  Tliis  is  presumably  related  to  heavy  pollination  in  certain 
tropical  areas.  At  the  same  rime,  intrinsic  asthma  was  aggravated  during 
the  tropical  rainy  season. 

The  management  of  asthma  in  the  Army  is  fraught  with  discourage¬ 
ment.  In  civilian  practice,  one  can  i>erform  an  exhaustive  study  and,  de¬ 
pending  upon  the  findings,  endeavor  to  modify  the  external  environment  or 
to  exert  influence  on  the  patient,  by  either  improving  his  respiratory  disease 
status  or  actually  rendering  him  less  sensitive.  None  of  these  is  feasible 
during  a  military  campaign,  save  in  very  c.xceptional  instances.  The  clinical 
management  of  asthma,  apart  from  .symptomatic  treatment,  consists  prin¬ 
cipally  in  apprai.sal.  By  observing  the  patient  over  a  considerable  period  of 
time,  the  medical  officer  tries  to  answer  the  following  questions:  Is  this 
man  capable  of  full  duty  ?  Of  limited  duty  ?  Should  he  be  boarded  home 
from  an  ovei*sea  theater  or,  if  at  home,  .separated  from  the  service? 

Most  medical  officers  believed  that  very  few  asthmatics,  no  matter  how 
mild  their  disease,  were  fit  for  combat  duty.  E.xertion  and  dust,  for  in- 

MorRfiiHtern.  1’..  Kos8,  F.  R.,  and  Alexander,  W.  W.  :  ReKidtial  Mustard  Gas  Bronchitis  ;  Effects 
of  Prolonged  Exposure  to  Ix)w  Concentrations  of  Mustard  Gas.  Ann.  Int.  Med.  liC  :  27-40,  .Tanuarj* 
1947. 

79  See  footnote  19.  p.  9. 

so  .Mford.  R.  I.;  Disposition  of  Soldiers  With  Ilroiichlal  .Vstlinia.  .1.  .MIerg.v  15:  19li  202,  May 
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stance,  teucied  to  produce  some  shortness  of  breath  in  these  individuals  even 
when  the  asthma  did  not  seem  to  be  clinically  active.  On  the  other  hand, 
many  such  individuals  could  be  retained  on  a  limited  duty  status  either 
overseas  or  at  home.  It  must  be  added,  however,  that  this  was  partly  de- 
])endent  on  the  man’s  willingness  to  serve.  Asthma  undoubtedly  has  a  psy¬ 
chosomatic  aspect,  and  if  a  relatively  mild  asthmatic  wished  to  get  himself 
sent  home  from  an  oversea  theater,  he  usually  succeeded  in  doing  so.  Mild 
asthma  often  got  worse  overseas.  Thus,  asthma  was  one  of  the  leading  medi¬ 
cal  causes  for  return  to  the  Zone  of  Interior.  The  disposition  of  asthmatics 
in  the  Ihiited  States  may  be  indicated  by  a  report  of  100  consecutive  patients, 
of  whom  71  were  discharged  from  the  service. 

BRONCHIECTASIS 

In  young  individuals,  bronchiectasis  may  be  a  progressive  and  disabling 
disease.  The  likelihood  of  such  a  person  being  accepted  for  military  service 
is  extremely  remote,  and  it  has  been  stated  that  bronchiectasis  was  the  most 
common  form  of  chronic  nontuberculous  lung  disease  discovered  on  induction 
examination.  However,  bronchiectasis  of  a  milder  type,  essentially  cylin¬ 
drical  rather  than  saccular,  may  be  discovered  in  a  soldier  who  has  previ¬ 
ously  been  in  reasonably  good  health.  The  pathogenesis  of  the  condition  is 
somewhat  obscure,  but  the  lesions  may  arise  apparently  as  a  result  of  sinus¬ 
itis,  following  pneumonia,  or  in  older  individuals  as  a  consequence  of  chronic 
bronchitis.  Bronchiectasis  by  itself  does  not  necessarily  produce  any  phys¬ 
ical  signs  or  X-ray  changes.  It  is  likely,  therefore,  that  the  disease  is  over¬ 
looked  on  occasion.  Undoubtedly,  if  more  bronchographic  studies  were  per¬ 
formed,  it  would  be  more  frequently  recognized. 

Bronchiectasis  has  been  termed  the  most  common  chronic  pulmonary 
disease  in  the  U.S.  Army.®^  As  evidence  of  this,  the  authors  reported  95 
cases  investigated  bronchographically,  mostly  for  slowly  resolving  pneu¬ 
monia.  Of  these,  37  showed  frank  and  24  minimal  bronchiectasis.  No 
bronchiectasis  was  found  in  34  patients.  Two  other  reports  might  be  cited, 
both  from  station  hospitals  in  the  Third  Service  Command:  At  Fort  Bel- 
voir,  Va.,  33  cases  were  discovered  during  the  course  of  a  year®® — 14  were 
said  to  be  severe,  9  moderate,  and  10  minimal.  At  Fort  Eustis,  Va.,  the 
diagnosis  was  made  40  times  over  a  15-month  period ;  “  9  patients  were  stud¬ 
ied  because  of  chronic  cough,  and  the  rest  were  admitted  with  a  diagnosis  of 
atypical  pneumonia.  When  resolution  failed  to  occur  in  4  to  6  weeks,  bron¬ 
chographic  studies  revealed  the  true  condition.  Only  23  of  the  entire  series 

*1  Kvans,  W.  A.,  Jr.,  and  Galinsky,  L.  .1.:  Tlie  Diagnosis  of  Bronchiectasis  In  Young  Adults; 
Prebronchographic  Roentgen  Manifestations  Observed  .\mong  Military  Personnel.  Am.  J.  Roentgenol. 
r,l  :  5;{7-.'>4T,  .May  1944. 

82  Thompson,  T.  E.,  Jr.,  Cawley,  F.  C.,  and  Seltzer,  A.:  A  Study  of  Bronchiectasis  at  Station 
Hospital,  Fort  Belvoir,  Virginia.  M.  Ann.  District  of  Columbia  13:  93-97,  March  1944. 

83  Grier.  G.  S..  HI :  Importance  of  Bronchography  in  Cases  of  Unresolved  Pneumonia.  Arch. 
Int.  Med.  73  :  444-448,  June  1944. 
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gave  a  long  history  of  chronic  cough.  These  patients  did  not  show  the  typ¬ 
ical  textbook  picture  of  severe  bronchiectasis  with  wasting,  foul  sputum, 
clubbed  fingers,  and  so  forth.  The  disease  was  obviously  in  a  much  milder, 
or  earlier,  stage.  The  author  of  this  study  did  not  believe  that  these  slowly 
resolving  pneumonias  w'ere  primary  atypical  pneumonia  but  rather  that 
they  were  of  the  variety  long  recognized  as  occurring  in  conjunction  with 
symptomatic  flareups  of  bronchiectasis.  Some  internists  believe  that  chronic 
bronchiectasis  is  at  times  a  rare  sequel  of  severe  atypical  pneumonia.  For 
instance,  the  disease  was  believed  to  follow  atypical  pneumonia  in  no  less 
than  17  of  33  cases  admitted  during  a  9-month  period  to  the  Percy  Jones 
General  Hospital,  Battle  Creek,  Mich.®^  However,  a  review  of  the  case 
reports  given  in  this  paper  leaves  serious  doubts  as  to  the  diagnosis  of 
atypical  pneumonia.  Flareups  of  pneumonitis  are  a  common  feature  of 
bronchiectasis,  and  the  differentiation  of  these  from  primary  atypical  pneu¬ 
monia  is  extremely  difficult.  Van  Ravenswaay  and  his  associates®®  stated 
that  bronchiectasis  occurred  as  a  sequel  to  atypical  pneumonia  at  Jefferson 
Barracks  in  11  of  1,862  cases.  This  question  is  not  yet  entirely  settled.  On 
the  other  hand,  dilated  bronchi,  which  later  reverted  to  normal,  have  been 
shown  in  a  few  patients  convalescing  from  atypical  pneumonia.®®  The  condi¬ 
tion  was  termed  “pseudobronchiectasis.” 

It  is  estimated  that  the  disease  caused  more  than  6,000  admissions  in  the 
period  1042^5,  four-fifths  of  them  in  the  continental  United  States.  When 
the  diagnosis  was  established,  it  was  ordinarily  a  cause  for  separation  from 
the  service. 

A  certain  number  of  cases  were  treated  surgically  during  World  War  II. 
For  example,  in  1943,  25  lobectomies  were  performed  at  Fitzsimons  General 
Hospital,  Denver,  Colo.,  with  2  deaths. 

LUNG  ABSCESS 

The  possibility  that  a  person  with  a  chronic  lung  abscess  could  pass  the 
induction  X-ray  and  physical  examination  is  so  slight  that  cases  of  this 
condition  observed  in  the  U.S.  Army  presumably  developed  in  the  service. 
Acute  lung  abscess  is  by  no  means  uncommon  in  civilian  practice;  such 
cases  follow  a  fairly  well  recognized  clinical  pattern,  and  a  considerable 
percentage,  perhaps  nearly  half,  recover  spontaneously  without  surgical 
drainage.  The  remainder  will  become  chronic  if  not  drained.  Acute  ab¬ 
scesses  of  this  type  coming  on  de  novo,  so  to  speak  (in  the  absence  of  such 
predisposing  factors  as  dental  extraction  and  tonsillectomy)  were  very  rarely 
encountered  in  the  Army.  The  reason  for  this  is  not  entirely  clear  unless 
it  be  the  generally  low  incidence  of  bacterial  pneumonias.  Lung  abscess 

*■*  Kay.  E.  B. :  Broncliiectaslg  Following  Atypical  Pneumonia.  Arch.  Int.  Med.  75:  89-104, 
February  1945. 

So  see  footnote  46.  p.  20. 
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developing  after  surgical  procedures  also  seemed  unexpectedly  rare.  It  is 
the  writer's  impression  that  many  of  the  lung  abscesses  seen  in  the  Army 
were  in  battle  casualties. 

The  disease  is  estimated  to  have  l)een  responsible  for  about  500  admis¬ 
sions  in  the  1942-45  period,  with  16  deaths. 

SPONTANEOUS  PNEUMOTHORAX 

The  sudden  appearance  of  air  in  the  pleural  cavity  not  due  to  penetrat¬ 
ing  wounds  of  tlie  chest  wall  or  endotrachp  ■  . is  known  as  spontane¬ 
ous  pneumothorax.  It  was  formerly  th<  related  to  tuberculosis. 

Now,  however,  while  it  is  known  that  spoiuaaeons  pneumothorax  may  oc¬ 
casionally  occur  as  a  complication  of  frank  pulmonary  tuberculosis,  it  is  also 
recognized  that  the  great  majority  of  cases  take  place  as  a  result  of  rupture 
of  a  subpleural  bleb  and  have  no  relationship  with  tuberculosis  whatsoever. 
Interestingly  enough,  rupture  often  takes  place  quite  independently  of  phys¬ 
ical  exertion. 

In  many  instances,  ])neumothorax  is  a  recurrent  disease.  Recurrences 
were  formerly  thought  to  l>e  uncommon,  but  it  now  seems  likely  that  if  more 
frequently  recognized  by  general  practitioners  their  incidence  would  rise. 
For  example,  a  repoi’t  from  the  Station  Hospital,  Seymour  Johnson  Field, 
Goldsboro,  N.C.,®'  points  to  a  highly  suggestive  history  of  one  or  more  previ¬ 
ous  episodes  in  five  out  of  seven  carefully  studied  cases. 

Spontaneous  pneumothorax  is  most  frequently  encountered  in  relatively 
young  males  and  gives  rise  to  characteristic  physical  signs  only  if  the 
amount  of  escaped  air  is  large  enough.  Roentgen  examination,  however, 
as  a  rule  is  unequivocal;  and  if  chest  X-rays  are  routinely  taken  of  individu¬ 
als  giving  a  suggestive  clinical  history  (there  is  almost  invariably  some  sud¬ 
den  chest  pain  at  the  onset  followed  by  varying  degrees  of  dyspnea),  the 
condition  sliould  not  be  overlooked.  Pneumothorax  is  rarely  complete;  in 
probably  three-fourths  of  the  cases,  the  collapse  is  less  than  50  percent,  so 
that  the  number  of  cases  not  detectable  with  assurance  on  physical  examina¬ 
tion  is  high.  Following  spontaneous  pneumothorax,  fluid  may  occasionally 
appear,  but  these  effusions  are  small. 

In  the  usual  course  of  events,  there  is  a  single  leakage  of  air  which  will 
be  absorbed  in  the  course  of  time.  On  the  other  hand,  there  may  be  recur¬ 
rent  leakages  during  the  reexpansion  period,  or  the  pneumothorax  may  be 
permanent  due  to  an  open  fistula.  Such  cases  require  the  attention  of  the 
thoracic  surgeon.  Another  clinical  variety  is  the  so-called  tension  pneumo¬ 
thorax  wherein  so  much  air  escapes  (often  aided  by  a  valve  effect  in  the 
rent  pleura)  that  dangerously  high  intrathoracic  pressures  are  produced. 
Fortunately,  this  is  a  rare  happening,  but  when  it  occurs,  it  may  constitute 
a  real  medical  emergency.  The  patient  is  extremely  dyspneic  and  cyanotic, 

I’eaxt’,  P.  P..  Steuer,  L.  G.,  and  Chapman.  A. :  Spontaneous  Pneumothorax  In  Soldiers.  Bull. 
r.S.  .\rm.v  M.  Dept.  No.  82,  pp.  102-107,  November  1944. 
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and  his  gasping  respirations  only  serve  to  aggravate  the  situation.  In  such 
instances,  the  quick  release  of  air  by  means  of  a  needle  plunged  through  the 
chest  wall  is  lifesaving.  Lastly,  the  rare  phenomenon  of  hemopneumothorax 
might  be  mentioned.  Here,  bleeding  occurs  from  the  tom  pleura,  sometimes 
on  a  large  scale. 

There  were  3,831  admissions  for  spontaneous  pneumothorax  to  U.S. 
Army  hospitals  between  1942  and  1945.  It  was  about  twice  as  common  at 
home  as  overseas.  The  vast  majority  of  these  cases  were  of  the  uncompli¬ 
cated  benign  type,  and  in  about  10  percent  was  the  condition  a  cause  for 
separation  from  military  service.  Recurrence  was  the  reason  for  most  of 
the  discharges.  The  average  duration  of  hospitalization  was  in  the  neigh¬ 
borhood  of  2  months,  so  that  neither  in  terms  of  mun-days  lost  nor  man¬ 
power  permanently  lost  did  the  disease  constitute  a  serious  medicomilitary 
problem.  The  four  deaths  attributed  to  the  condition  were  presumably  due 
to  tension  pneumothorax. 

In  1944,  at  the  suggestion  of  the  National  Research  Council,  a  booklet 
on  spontaneous  pneumothorax  was  prepared  for  general  distribution  by  Dr. 
James  J.  Waring.*®  In  this,  he  advocated  conservative  therapy,  with  em¬ 
phasis  on  hospitalization,  bed  rest,  and  the  avoidance  of  air  transport.  Dr. 
Waring  also  discussed  the  indications  for  thoracotomy,  chemical  pleuritis  in 
the  recurrent  cases,  and  the  disadvantages  of  these  procedures.  In  general, 
he  advised  an  individualized  approach  to  each  case. 

PULMONARY  FIBROSIS 

Diffuse  fibrosis  of  the  lungs  may  follow  granulomatous  diseases,  such 
as  tuberculosis,  fungus  infections,  sarcoidosis,  and  beryllium  poisoning.  It 
is  also  a  serious  occupational  hazard  of  those  exposed  to  the  inhalation  of 
silica  dust.  The  preinduction  X-ray  screening  of  U.S.  Army  personnel  in 
World  War  II  made  it  highly  improbable  that  individuals  with  any  signifi¬ 
cant  degree  of  pulmonary  fibrosis  would  be  accepted  for  military  service. 
Moreover,  the  conditions  leading  to  its  development  were  not  a  feature  of 
army  life,  so  that,  apart  from  a  certain  amount  secondary  to  chronic  pul¬ 
monary  tuberculosis,  it  was  never  a  feature  of  medicomilitary  practice.  It 
might  be  added  that  the  only  genemlized  fungus  infection  with  a  fairly 
high  incidence  in  the  Army,  coccidioidomycosis,  is  not  a  recognized  cause 
of  diffuse  pulmonary  fibrosis. 

Peculiar  instances  of  rapidly  progressive  pulmonary  fibrosis  whose 
etiology  is  entirely  obscure  have  been  recorded  in  the  literature.  Notable 
among  these  is  the  report  of  Hamman  and  Rich.*®  It  is  of  interest  that  four 


^  Waring,  J.  .T. :  Spontaneous  Pneumothorax.  Office  of  Medical  Information,  Division  of  Medical 
Sciences,  National  Research  Council,  July  1944. 

89  (1)  Hamman,  L.,  and  Rich,  A.  R. ;  Acute  Diffuse  Interstitial  Fibrosis  of  the  Lungs.  Bull.  Johns 
Hopkins  Hosp.  74:  177-212,  March  1944.  (2)  Eder,  H.,  Hawn,  C.  V.,  and  Thorn,  G.  W.  :  Report  of 

a  Case  of  Acute  Interstitial  Fibrosis  of  the  Lungs.  Bull.  Johns  Hopkins  Hosp.  76  :  163-171,  April  1945. 
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cases  thought  to  resemble  those  described  by  Ilammau  and  Rich  were  ob¬ 
served  in  the  U.S.  Army  in  New  Guinea  in  1944.  Of  these,  one  patient 
finally  recovered  while  two  wei’e  evacuated  ai»d  lost  to  followup  study. 
One  came  to  autopsy. 


PULMONARY  EMPHYSEMA 

(vhronic  pulmonary  emphysema  was  occasionally  noted  in  the  U.S.  Army 
in  the  older  age  groups,  particularly  among  officers.  It  was  le^  common 
than  in  civilian  practice,  probably  owing  to  the  generally  higher  standards 
of  health  prevailing  in  the  Army.  It  was  said  to  be  responsible  for  about 
750  admissions  in  the  period  of  1942-45,  most  of  them  in  the  continental 
Uiiited  States. 


MALIGNANT  DISEASE  OF  THE  LUNGS 

The  incidence  of  malignant  disease  generally  in  the  U.S.  Army  is  very 
low,  owing  to  the  age  group  involved.  Moreover,  a  survey  of  15  million 
Army  man-years  in  the  20-  to  40-year  age  group  made  in  1944-45  indicated 
that  the  incidence  in  this  group  was  lower  than  among  civilians.**  The 
reason  for  this  difference  is  not  apparent.  In  any  case,  cancer  occurs  with 
expected  frequency  in  the  older  age  group,  again  particularly  among  officers. 

As  a  measure  of  the  importance  of  malignant  disease  of  the  lungs  in 
military  medicine,  the  following  is  cited:  Bronchogenic  carcinoma  is  esti¬ 
mated  to  have  been  recognized  200  times  during  the  period  1942-45.  There 
were  91  cases  of  all  forms  of  malignant  diseases  of  the  lungs  identified  at 
Letterman  General  Hospital,  San  Francisco,  Calif.,  between  1944  and  1950. 
This  represented  almost  exactly  1  per  1,000  admissions.*^ 

00  Lindsey,  D.,  and  Cohart,  E.  M. ;  Incidence  of  Cancer  in  American  Males ;  15,000,000  Man-Tears 
of  Agfgregate  Experience,  United  States  Army,  1944-45.  Cancer  3  :  945-959,  November  1950. 

01  For  the  surgical  aspects  of  diseases  of  the  chest  see  biades,  Brian  B.,  Carter,  B.  Noland,  and 
DeBafcey,  Michael  E. :  Surgical  Aspects  of  Diseases  of  the  Chest.  In  Medical  Department,  United  States 
Army.  Surgery  In  World  War  II.  Thoracic  Surgery.  Volume  ll,  ch.  XI.  [In  preparation.] — J.  B.  C.,  Jr. 
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Sandfly  Fever 

William  A.  Reilly,  M.D.,  Roberto  F.  Escamilla,  M.D.,  and 
Perrin  H.  Long,  M.D. 

The  diagnosis  of  sandfly  fever  was  not  made  as  frequently  as  it  should 
have  been,  because  of  an  unfamiliarity  with  the  disease  and  a  certain  reluc¬ 
tance  on  the  part  of  medical  officers  to  make  the  diagnosis  solely  from  the 
clinical  picture.^ 

Sandfly  fever,  also  known  as  Phlebotomus  fe\er  and  pappataci  fever, 
attained  importance  in  Allied  and  Axis  forces  in  the  Mediterranean  (for¬ 
merly  North  African)  Theater  of  Operations,  U.S.  Army,  in  World  War  II 
by  incapacitating  large  numbers  of  men  for  periods  of  7  to  14  days,  or 
longer.  This  disease  was  known  to  be  endemic  in  the  Mediterranean  littoral 
and  was  first  recognized  in  U.S.  forces  in  North  Africa  toward  the  end  of 
April  1943.  Although  not  reported  as  such  in  the  statistical  health  report 
(WD  MD  Form  86ab),  the  first  patients  were  seen  at  the  77th  Evacuation 
Hospital  then  situated  near  Bone,  Algeria.  At  that  time,  typical  cases  were 
tlescribed,  and  a  careful  study  was  made  of  the  relation  and  importance 
of  meningeal  irritation  to  the  general  findings  in  the  disease.  The  patients 
had  come  from  the  U.S.  II  Corps  which  was  then  engaged  against  the  enemy 
in  northern  Tunisia.  At  the  same  time  that  these  patients  w'ero  being  stud¬ 
ied  and  the  disease  recognized  in  the  77th  Evacuation  Hospital,  an  increased 
incidence  of  influenza  w’as  observed  by  the  medical  services  of  the  other 
evacuation  hospitals  within  the  corps  area  and  also  a  sharp  increase  in  the 
number  of  cases  of  F.U.O.  (fever  of  undetermined  origin)  was  noted  in  the 
statistical  health  report  for  April  1943.  While  no  careful  search  for  sand¬ 
flies  was  conducted  by  trained  entomologists  during  that  period,  it  is  known 
that  sandflies,  Piuchotomus  fojmtasiL  were  captured  and  identified  as  such 
in  northern  Tunisia  by  certa'a  British  medical  officers  and  by  members  of 
the  hygiene  section  of  the  Briti.  h  First  Army. 

While  knowledge  concerning  the  incidence  of  sandfly  fever  in  U.S. 
forces  in  North  Africa  during  tlie  summer  of  1943  is  obscured  by  the  fact 
that  the  diagnosis  was  infrequently  made  and  doubtlessly  most  of  the  cases 
were  classified  as  F.U.O.,  the  disease  is  known  lo  have  occurred  frequently 
in  the  region  of  Tunis,  Mateur,  Ferry ville,  and  Bizerte  in  Tunisia;  also 

1  Letter,  Lt.  Col.  Perrin  H.  Long.  MC,  Consulting  Physician.  Office  of  the  Surgeon,  Headquarters, 
NATOUSA,  to  the  Surgeon,  NATOUSA,  24  .Vug.  1942.  subject:  A  Report  Upon  ^ledical  Services  in 
Sicil.''. 
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around  Oniii  and  Al}j[iers  in  Algeria.-  ('uses  of  the  endeinit*  dis(!ase  were 
notetl  in  nieinlK*rs  of  tlie  Allied  forces  in  Algid's  and,  in  at  lea.st  one 
instance,  a  fairly  extensive  outbreak  wcurretl  among  members  of  a  signal 
corps  (letachrnent  which  was  situated  just  outside  the  city.  In  this  outbreak, 
(he  di.s4‘ase  wa.s  thought  to  be  dengue  until  a  review  of  the  clinical  findings 
in  the  <lisi‘ast^  revealed  .  .i  absence  of  st*condary  rist?s  in  fever.  An  entomo¬ 
logical  survey  of  the  area  of  this  iletachment  established  the  pre.sence  of 
many  sandflies  of  the  variety  P.  papal  tun. 

A  review  of  the  plans  for  the  amphibious  ojieration  in  Sicily  which  dealt 
with  the  professional  services  shows  that  sandfly  fever  was  considered  a 
likely  threat  to  manpower  during  the  liattle  of  Sicily  and  that  the  |)eak  of 
the  disease  would  lie  reached  after  1  August  1943.  This  prediction  was 
more  than  realized,  liecause  the  disi'ase  which  had  lieen  contracted  in  North 
Africa  began  to  make  iis  appearance  on  D-day  in  Sicily,  and,  while  no 
cast‘s  of  the  <lisea.se  were  reported  in  the  statistical  health  report  for 
NATOrSA  (North  African  Theater  of  Operations,  U.S.  Army)  for  July 
1943,  in  reality,  there  were  hundreds  of  cases  of  sandfly  fever  in  the  troops 
in  Sicily  during  that  month.  This  lack  of  reporting  was  due  to  the  diffi¬ 
dence  that  medical  officers  then  showeil  in  making  the  diagnosis  of  the  dis¬ 
ease  from  the  clinical  findings  alone.^ 

Despite  the  reporting  of  but  104  cas<‘s,  the  disea.se  reached  epidemic  pro¬ 
portions  in  Sicily  because  it  was  a  favorable  summer  for  the  propagation 
of  sandflies,  the  type  of  fighting  was  from  village  to  village,  native  Jiabita- 
tions  were  used  as  billet.s,  and  discipline  in  respect  to  the  u.se  of  nets  and 
insect  repellents  was  poor.  Sampling  .studies  made  in  division  clearing 
companies  and  evactiation  hospitals  during  the  first  2  weeks  in  August  pro¬ 
duced  cliiiical  evidence  that,  at  a  minimum,  at  least  25  percent  of  the  cases 
diagnosed  as  F.U.O.  should  have  been  diagnosed  as  .sandfly  fever.  During 
the  latter  half  of  the  month  of  August  and  the  first  half  of  September,  this 
same  percentage  probably  prevailed. 

The  invasion  of  Italy  by  way  of  the  l)eaches  at  Salerno  (an  area  in 
which  sandflies  were  common)  was  attemled  by  a  large  nundier  of  cases  of 
sandfly  fever.  This  invasion  was  spearheaded  by  the  36th  Infantry  Divi- 

-  In  Miiy  194:!,  Mhortly  after  Von  .4rmln’8  army  waK  driven  out  of  TudIh,  eontnet  was  possible 
with  II. S.  Army  Forces  In  the  Middle  V'ii.i  K>;.vpt)  and  the  I’erslan  Gulf  Service  Command  (Iran-Iraq). 
Reports  of  the  extensive  outbreaks  siiuo* :v  fever  there,  which  occurred  in  U.S.  personnel,  were 
lieRinning  to  be  available  althouKli  '  vns  ll|•(•^u^ent  that  In  these  areas,  too,  medical  otneers  were  loath 
to  make  the  diagnosis,  preferring  F  '  ofliienza. 

.t  An  analysis  of  the  possible  extern  oj  samlfly  fever  rases  in  the  Sicilian  campaign,  nearly  all  of 
which  were  probably  erroneously  diagno.scd  as  ninlaria  or  conservatively  labeled  F.U.O.,  was  the  sub¬ 
ject  of  a  special  report  made  by  MaJ.  (later  Lt.  Col.)  Albert  B.  Sabin,  MC,  in  September  1943.  This 
repo.-t  was  subsequently  published  in  part  by  Major  Sabin,  I.t.  Col.  Cornelius  B.  Philip,  MC,  and 
Dr.  John  R.  Paul.  The  conclusion  reached  by  Major  Sabin  was  that  sandfly  fever  was  probably  respon¬ 
sible  for  ns  many,  if  not  more,  cases  of  fever  as  malaria.  (1.  Isdler,  Maj.  Albert  B.  Sabin,  MC,  to 
Chief  Surgeon,  Seventh  Army:  Col.  Daniel  Franklin,  7  Sept.  1943,  subject:  Estimate  of  Extent  to 
Which  Sandfly  Fever  Was  and  Is  a  Problem  Among  American  Forces  in  Sicily.  2.  Sabin,  A.  B.,  Philip, 
C.  B.,  and  Paul,  J.  R. :  Phlebotonius  (Pappataci  or  Sandfly)  Fever  :  A  Disease  of  Military  Importance  : 
Summary  of  Existing  Knowledge  and  Preliminary  Report  of  Original  Investigations.  J.A.M.A.  125  : 
fi03  00(5.  I  July  1944.) 
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sion,  a  unit  which  had  had  little  experience  with  sandfly  fever  and  hence 
was  comprised  mainly  of  susceptible  persons.  Again,  as  in  Sicily,  the 
troc(  -  made  use  of  buildings  both  as  strong  points  during  the  fighting  and 
subse<piently  as  billets,  and  discipline  in  the  use  of  nets  and  repellents  was 
IK)or.  Because  of  certain  command  difficulties,  it  was  impossible  to  have  an 
adwjuate  study  made  of  the  F.U.O.  cases  in  Fifth  U.S.  Army  hospitals  dur¬ 
ing  8epteml)er  and  early  October,  so  that  an  approximation  of  the  number 
of  cases  of  sandfly  fever  was  not  made,  although  from  the  rather  meager 
data  at  hand  it  seemed  probable  that  the  incidence  of  the  disease  in  the  Fifth 
U.S.  Army  during  this  period  was  similar  to  that  experienced  by  the  Sev¬ 
enth  U.S.  Army  in  Sicily. 

In  1944,  in  Italy,  the  situation  in  i-espect  to  the  diagnosis  of  sandfly 
fever  was  considerably  improved,  and  the  figures  for  that  year  were  much 
more  representative  of  the  actual  incidence  of  the  disease  than  they  were  in 
1943.  However,  it  must  be  recorded  that,  even  after  an  indoctrination  cam¬ 
paign  had  been  conducted  in  the  diagnosis  of  sandflj"  fever,  there  were  many 
medical  officers  who,  because  a  specific  diagnostic  test  for  this  disease  did 
not  exist,  preferred  to  make  the  diagnosis  of  F.U.O.  Frequent  examples  of 
this  failure  to  make  the  proper  diagnosis  w’ere  encountered  in  the  monthly 
essential  technical  medical  data  reports,  in  which  medical  officers,  after  hav¬ 
ing  de.scribcJ  classical  examples  of  the  disease,  would  state  that  although 
sandflies  are  known  to  exist  in  this  area,  the  fact  that  none  of  the  patients 
liad  seen  the  insects  and  few  if  any  gave  a  history  of  having  been  bitten  by 
sandflies,  the  diagnosis  of  sandfly  fever  could  not  l>e  definitely  established 
and  that,  hence,  the  cases  were  classified  as  being  F.U.O. 

In  MTOUSA  (Mediterranean  Theater  of  Operations,  U.S.  Army),  dur¬ 
ing  the  winter  of  1944  and  spring  of  1945,  an  intensive  campaign  of  educa¬ 
tion  was  carried  out  in  respect  to  the  clinical  findings  in  sandfly  fever.  The 
effect  of  this  campaign  became  evident  because  the  incidence  of  sandfly  fever 
as  reported  in  the  statistical  health  reports  for  May,  June,  and  July,  1945, 
reflected  the  true  incidence  of  the  disease. 

While  the  literature  upon  disease  in  the  Wehrmacht  was  scanty,  it  was 
known  that  German  troops  based  in  the  Mediterranean  area  suffered  from 
sandfly  fever.  HallmannJ  in  1941,  described  an  outbreak  of  sandfly  fever 
that  occurred  in  German  soldiers  who  were  stationed  in  the  islands  and  the 
Greek  mainland  near  Athens.  The  majority  of  the  cases  of  the  disease  were 
seen  in  July  and  August,  and  it  was  estimated  that  20  percent  of  all  the 
troops  in  the  area  had  the  disease  during  this  ti’  e.  In  a  report  printed  in 
Berlin  in  1944,®  an  analysis  of  5,890,000  records  for  admissions  to  hospitals 
for  sickness  in  the  German  Army  from  1  September  1939  to  31  March  1943 
was  made.  Of  the  admissions  recorded  in  this  report,  1,062,920  were  for 

‘  Hallman  :  Beltrag  zum  Pappatacifieber  1041  auf  der  Balkanhalblnsel.  Dent.  trop.  Ztschr.  4.‘{ : 
04-68,  1  Feb.  194:!. 

5  Die  Infektionskrankhelten  im  Jetxlgea  liriege.  .Village  zu  Der  Heeres-SanJtiUslnspekteur,  Nr. 
871.'»/44  geh.  (W1  G)  PrUf  Nr.  50.  Berlin,  den  28.8.1944. 
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infectious  diseases.  Sandfly  fever  (Pappatacilieber)  was  13th  on  the  list  as 
a  cause  for  admission  with  4,941  cases  wcorded  without  any  deaths  and  with 
an  averajre  periotl  of  hospitalization  of  13.4  days.  Inasmuch  as  the  Wehr- 
macht  liad  a  large  nund)er  of  troops  stationed  in  the  Mediterranean  and  Black 
Sea  littorals  in  1941,  1942,  and  1943,  it  is  astounding  that  but  4,941  cases  of 
sandfly  fever  were  recorded.  It  is  especially  surprising  when  one  considers 
that  in  this  study  no  mention  was  made  of  the  existence  of  F.U.O.  The 
truth  of  the  matter  probably  lies  in  the  fact  that  during  this  same  period  a 
total  of  159,890  cases  of  “grippe”  were  recorded  from  hospital  reports.  It  is 
likely  that  many  cases  of  sandfly  fever  were  reported  incorrectly  under  this 
diagnosis. 

ETIOLOGY 

It  was  established  in  1908  by  Doerr,  Franz,  and  Taussig*  that  the  causa¬ 
tive  agent  of  sandfly  fever  is  a  filterable  vims  and  that  the  midge,  P.  papa- 
tasii.  is  the  vector  of  this  disease.  This  finding  was  confirmed  by  other  ob¬ 
servers  ’  and  also  by  Sabin,  Philip,  and  Paul.  Sabin  and  Paul  studied  the 
disease  in  Sicily  after  the  end  of  the  Sicilian  campaign  in  1943.  As  a  result 
of  their  studies,  they  obtained  the  following  information  regarding  the  vims 
of  sandfly  fever: 

Virus  is  present  in  the  blood  of  patients  24  hours  before  the  onset  of  fever  and  durin;; 
the  first  24  hours  thereafter:  it  is  no  longer  demonstrable  48  hours  after  onset.  It  may 
Ite  passed  serially  in  volunteers  by  parenteral  inoculation  although  the  intracutaneous 
and  intravenous  routes  were  more  effective  than  the  intramuscular  or  sul)cutaneous  routes. 
Attempts  to  recover  virus  from  the  spinal  fluid  obtained  in  the  first  2  days  of  the  experi¬ 
mentally  produced  disease  were  unsuccessful.  The  virus  survived  in  the  frozen  state  at 
Dry  Ice  box  temperature  or  in  the  lyophilized  state  in  an  ordinary  refrigerator  for 
fi  months.  The  size  of  the  virus  as  determined  by  filtration  through  gradocol  membranes 
appeared  to  be  not  larger  than  25  to  37  m^,  although  the  low  titer  of  virus  (1,000  mini¬ 
mum  infectious  doses  per  ml.  of  serum)  suggests  the  possibility  that  it  might  be  even 
smaller.  Unsuccessful  attempts  were  made  to  inject  embryonated  eggs  and  a  wide  variety 
of  species  including  young  baboons  {Papio  hamadryan)  and  monkeys  of  the  following 
species :  grivet  ( Cercopithecus  grigeoviridis ) ,  vervet  ( Ccrcopithccus  acthiopg  pygerythrus ) , 
red  African  hussar  (Cercopithecus  [Erythroccbus'l  patas),  Macaca  radiata  and  Macaca 
mulatta  (rhesus).  The  rodents  included  young  white  mice,  wild  gray  mice,  Syrian  ham¬ 
sters,  Egyptian  desert  rats  (jerboas),  rabbits,  guinea  pigs,  and  cotton  rats. 

As  cited  by  Warren  and  Johnson,®  Sabin  also  showed  that  there  was  more 
than  one  strain  of  sandfly  fever  virus.  Volunteers  who  had  been  inoculated 

6  Do«rr,  R..  Franz,  K.,  and  Tauiiaig,  S. :  Das  l’a|>pataclfieber.  Leipzig  und  Wien :  Franz  Deu- 
ticke,  1009. 

'>  ( 1 )  Birt,  C. :  I’hlebotomus  Fever  In  Malta  and  Crete.  J.  Roy.  Army  M.  Corps  14  :  236-258,  1910. 
(2)  Birt,  C. :  Sand-fly  Fever  in  India.  J.  Roy.  Array  M.  Corps  1.1:  140-147,  1910.  (3)  Tedeschi,  A., 

and  Napolitani,  M. :  Ezperimentelle  Untersuebungen  iiber  die  Aetiologie  des  Sommerfiebers.  Centralbl. 
F.  Bakteriol.  57 :  208-211,  1911.  (4)  Sbortt.  H.  E.,  Poole,  L.  T.,  and  Stephens,  E.  D. :  Sandfly  Fever 

on  the  Indian  Frontier ;  A  Preliminary  Note  on  Some  Laboratory  Investigations.  J.  Roy.  Army  M. 
Corps  63  :  361,  December  1934;  and  64:  17,  January  1935.  (5)  Sbortt,  H.  E.,  Poole,  L.  T.,  and 

Stephens,  E.  D. :  Note  on  Some  Experiments  With  Sandfly  Fever  Blood  and  Serum.  Indian  J.M. 
Research  23:  279-284,  July  1935.  (6)  Moshkovsfcy,  Sh.  D. ;  Studies  on  Pappataci-Fever.  Med. 

Parasitol.  and  Parasitic  Dis.  Moscow  5  (No.  6)  :  823-862,  1936. 

8  Warren,  R.  O.  T.,  and  Johnson,  J.  W.,  Jr. :  Sandfly  Fever  in  NATOUSA.  M.  Bull.  Mediterranean 
Theat.  Op.  3 :  160-164,  May  1945. 
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with  a  strain  of  virus  obtained  from  a  patient  in  the  tii-st  day  of  Ids  illness 
in  Caserta,  Italy,  developed  typical  sandfly  fever;  they  were  not  subsequently 
protected  by  this  attack  against  an  inoculation  with  the  Sicilian  strain  of  the 
virus. 

EPIDEMIOLOGY 

It  is  believed  that  P.  papatasu  is  the  chief  vector  of  sandfly  fever  in 
NATOUSA.  The  adjacent  shores  and  islands  of  the  Mediterranean,  Adri¬ 
atic,  and  Aegean  Seas  which  were  included  in  the  North  African  and  Medi¬ 
terranean  theaters  have  long  been  known  as  favorjible  breeding  places  for 
the  moth  midges  of  the  genus  Fhlsbotomus.  The  hilly  and  rocky  terrains  of 
Algeria,  Tunisia,  Sicily,  Sardinia,  Corsica,  and  Italy  and  the  adobe  or  stone 
houses  \vhich  dot  these  areas  give  rise  to  what  was  aptly  called  “the  classical 
sandfly  situation,”  by  Maj.  Marshall  Hertig,  SnC.  The  female  sandfly  by 
choice  seeks  rocky  places,  cracks  in  masonry,  buildings,  stone  walls,  or  rub¬ 
ble  and  caves  in  which  to  lay  its  eggs;  the  adult  midges  seek  outdoor  shelter 
in  caves,  cracks  in  stones  and  buildings,  and  under  the  eaves  of  buildings.  A 
cool,  shaded,  slightly  damp  environment  is  ideal  for  the  life  of  this  insect. 

Sandflies  rest  during  the  day  and  feed  during  the  night.  The  female 
alone  bites,  an  act  which  she  {lerforms  persistently  and  viciously;  a  meal  of 
blood  is  necessary  for  proper  ovulation  (fig.  1). 

The  incidence  curves  of  sandfly  fever  and  F.U.O.  in  NATOUSA- 
MTOUSA  from  January  1043  to  December  1045  are  presented  in  chart  1. 
The  first  cases  of  sandfly  fever  were  reported  in  August  1043  although  the 
disease  was  recognized  in  North  Africa  as  early  as  April  1043.  In  1043,  the 
peak  monthly  rate  (September)  was  7.0  per  1,000  per  annum,  a  rate  doubt¬ 
lessly  far  below  the  actual  rate,  because  the  vast  majority  of  cases  of  sandfly 
fever  were  reported  as  F.U.O,  Since  careful  studies  were  not  made  upon  any 
sample  group  of  cases  of  F.U.O.  in  1043,  there  was  little  information  about 
the  correct  diagnoses  at  the  time  of  the  final  disposition  of  these  patients, 
and  it  will  never  be  known  what  percentage  of  patients  diagnosed  as  having 
F.U.O.  during  the  summer  of  1043  were  in  reality  suffering  from  sandfly 
fever.  It  is  to  be  remembered,  however,  at  this  point,  that  many  cases  of 
malaria  W’ere  also  classed  as  F.U.O.  in  1043  and  that  the  total  rate  does  not 
primarily  represent  undiagnosed  cases  of  sandfly  fever. 

The  incidence  curve  during  1044  more  closely  approximated  the  true  in¬ 
cidence,  since  medical  officers  were  beginning  to  have  some  familiarity  with 
the  disease  and  hence  were  more  prone  to  make  the  correct  diagnosis.  In  an 
interesting  study  of  F.U.O.®  made  by  Maj.  Emil  C.  Beyer,  MC,  it  was  found 
that  a  diagnosis  of  sandfly  fever  was  made  at  the  final  disposition  in  2.4 
percent  of  450  cases  initially  undiagnosed  upon  admission  as  F.U.O.  during 
the  months  of  June,  July,  and  August,  1944.  However,  in  this  same  group, 


9  Beyer,  E.  C. :  Fever  of  Undetermined  Origin.  M.  Bull.  Mediterranean  Thent.  Op.  3 ;  208-209, 
June  1945. 
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Chart  1. — Incidence  of  mndfty  fever  and  fever  of  undetermined  origin  in  the  North 
African-Mediterranean  Theater  of  Operationn,  U.8.  Arniy,^  1943-45 

[Preliminary  data  itased  on  summaries  of  statistical  health  reports] 

[Rate  expressed  as  number  of  cases  per  annum  per  1,000  average  strength] 

CATE 


1943  1944  1945 


1  The  North  Afrimn  Theater  of  Operations  was  redesignated  the  Mediterranean  Theater  of 
Operations  on  1  November  1944. 


the  diagnosis  of  F.U.O.  or  of  febricula  appeared  in  8.4  and  10.7  percent, 
respectively,  of  the  final  dispositions  made  during  that  period.  Thus,  the 
etiology  of  19.1  percent  of  the  patients  having  fever  was  in  doubt  at  the  time 
of  their  final  disposition,  and  it  is  possible  that  many  of  those  patients  may 
have  had  sandfly  fever.  That  this  is  probable  is  evidenced  by  a  further 
study  of  the  diagnoses  which  were  recorded  at  the  time  of  the  final  dispo¬ 
sition  of  a  similar  group  of  patients,  which  was  made  by  Major  Beyer  during 
January  1945.  In  this  group  only  8.9  percent  were  discharged  with  a  final 
diagnosis  of  febricula  or  F.U.O.  It  is  unknown  how  many  times  the  origi¬ 
nal  diagnosis  of  F.U.O.  was  changed  to  sandfly  fever  in  the  statistical  health 
reports,  but  on  the  basis  of  these  figures,  there  is  a  possibility  that  about  10 
percent  of  the  patients  originally  diagnosed  as  having  F.U.O.  in  the  summer 
and  early  fall  of  1944  had  sandfly  fever. 

The  incidence  curve  of  sandfly  fever  for  1945  probably  represented  the 
incidence  of  this  disease  quite  accurately  as  the  rates  for  F.U.O.  were  at  low 
levels  in  comparison  with  corresponding  months  in  1943  and  1944. 

As  will  be  noted  from  chart  1,  cases  of  sandfly  fever  made  their  initial 
appearance  in  NATOUSA-MTOUSA  in  April  and  gradually  built  up  to  a 
peak  in  September;  following  this,  there  was  a  rapid  decline  within  the  next 
2  months.  Thus,  the  epidemiological  pattern  of  the  disease  reflected  accu¬ 
rately  the  life  cycle  of  P.  papatasii. 

IMMUNITY 


A  natural  resistance  to  sandfly  fever  apparently  does  not  exist,  and  a 
large  percentage  of  susceptibles  develop  the  disease  if  left  unprotected  in  an 
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endemic  area.  Livschitz^®  I'eported  that  practically  1(K)  i)ercent  of  experi¬ 
mentally  inoculatetl  volunteers  who  had  had  no  previous  contact  with  the 
disease  were  found  to  be  susceptible,  while  Sabin,  Philip,  and  Paul  stated 
that  approximately  95  percent  of  their  volunteers  contracted  the  disease  fol¬ 
lowing?  their  inoculation  with  virus.  This  same  high  rate  of  susceptibility 
was  observed  in  U.S.  forces  when  they  were  introduced  into  NATOUSA- 
MTOUSA,  and  instances  were  recorded  in  which  80  percent  of  a  command 
contracted  the  disease  in  certain  areas  around  Caserta.  These  observations 
were  similar  to  those  made  by  Cullinan  and  Whittaker  “  in  the  JNIiddle  East, 
where  rates  for  sandfly  fever  of  approximately  1,000  i)er  1,000  per  annum  or 
more  were  recorded  in  other  ranks  in  two  British  general  hospitals  which 
had  been  located  in  areas  in  which  sandflies  were  abundant  and  in  which 
sandfly  fever  was  epidemic. 

It  was  recognized  also  that  second,  third,  or  even  more  attacks  of  sandfly 
fever  could  occur  in  the  same  individual  and  even  the  same  epidemic  season. 
T..ivschitz  observed  that  the  initial  rate  of  attack  of  the  natural  infections  in 
a  group  of  1,076  persons,  who  were  newcomers  in  an  endemic  area,  was  about 
50  percent  and  that  22.8  percent  and  0.9  percent,  respectively,  of  416  persons 
who  had  recovered  from  an  initial  infection  had  second  and  third  attacks  of 
the  disease  within  the  same  epidemic  season.  Cullinan  and  Whittaker  re¬ 
ported  that  15  percent  of  the  noncommissioned  officers  and  other  ranks  in 
two  British  general  hospitals  had  second  attacks  (and  some  even  third  at¬ 
tacks)  of  sandfly  fever  during  a  period  of  3  months  in  which  these  men  were 
exposed  to  the  disease  in  an  epidemic  area. 

’While  there  can  be  little  doubt  that  an  immunity  to  sandfly  fever  gen¬ 
erally  results  from  an  attack  of  the  disease,  the  observations  which  have 
just  been  recorded  suggest  that  at  times  the  immunity  may  not  be  solid. 
However,  Sabin’s  investigations,’-  previously  mentioned,  indicated  the  ex¬ 
istence  of  at  least  two  different  strains  of  virus  and  suggested  the  possibility 
that  second  attacks  within  the  same  epidemic  season  or  later  may  have  l)een 
the  result  of  an  infection  with  a  different  strain  of  virus  rather  than  waning 
immunity  from  the  first  attack. 

CLINICAL  COURSE  AND  DIAGNOSIS 

Sandfly  fever  in  NATOUSA-MTOUSA  was  characterized  by  the  sud¬ 
den  onset  of  fever,  headache  and  severe  retro-orbital  pain,  photophobia,  gen¬ 
eralized  aching,  malaise,  and  chilly  and  feverish  sensations.  Anorexia,  nau¬ 
sea,  and  vomiting  occurred  in  some  patients.  The  face  was  suffused,  the 
conjunctivas  and  scleras  injected,  and  not  infrequently  pressure  over  the  eye¬ 
balls  caused  pain.  At  times,  a  very  faint  pink  erythema  was  present  over 

10  Llvschltz,  J.  M. ;  Studies  on  Pappatacl  Fever.  Med.  Parasltol.  and  Parnsitlc  Dis.  Moscow  6 
(No.  6)  :  938-943,  1937. 

11  Cullinan,  E.  K.,  and  Whittaker,  S.  R.  F. :  Outbreak  of  Sandfly  Fever  In  Two  General  Hospitals 
in  the  Middle  East.  Brit.  M.J.  2 :  543-545,  30  Oct.  1943. 

12  See  footnote  8,  p.  52. 
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the  shoulders  and  thorax,  and  (he  spleen  was  pal[)able  in  a  small  percentage 
of  patients.  Many  of  the  patients  had  relative  bradycardia.  The  fever  lasted 
from  1  to  11  days,  averaging  4  days,  and  was  followed  by  a  variable  period 
of  asthenia.  In  one  large  group  of  patients,  the  period  of  hospitalization 
ranged  from  1  to  25  days,  averaging  6.2  days.  Ijeukopenia  was  present  in 
most  cases  at  the  time  the  patients  entered  the  hospital  with  the  lowest  counts 
being  recorded  in  the  immediate  postfebrile  periotl.  The  ditferential  count 
was  characterized  by  a  relative  or  absolute  increase  in  the  lymphocytes  (often 
with  the  appearance  of  large  atypical  forms)  and  an  absolute  increase  in 
many  patients  in  the  younger  types  of  the  polymorphonuclear  cells. 

It  is  not  unusual  that  the  disease  caused  diagnostic  difficulties  in  medical 
installations  in  MTOUSA.  In  its  milder  aspects,  it  simulated  the  milder 
forms  of  influenza.  At  times,  the  onset  was  similar  to  that  of  malaria,  in¬ 
fectious  hepatitis,  or  primary  atypical  pneumonia,  and  it  required  much  aid 
from  the  laboratory  to  differentiate  promptly  and  accurately  between  these 
diseases  and  sandfly  fever. 

On  occasion,  the  occurrence  of  nuchal  rigidity  in  patients  with  signs  and 
symptoms  characteristic  of  sandfly  fever  made  the  differential  diagnosis  be- 
between  this  disease  of  aseptic  meningitis  difficult.*®  Because  of  the  lack  of 
specific  serological  tests,  the  diagnosis  of  sandfly  fever  could  not  be  made  in 
patients  with  evidence  of  meningeal  irritation  and  pleocytosis  of  the  spinal 
fluid,  and  it  could  not  be  proved  that  sandfly  fever  virus  caused  the  aseptic 
meningitis  syndrome.  In  exi)eriments  with  volunteers,  Sabin,  Philip,  and 
Paul  did  not  believe  that  it  occurred  in  any  of  150  volunteera. 

It  is  evident  that,  at  times,  the  diagnosis  of  sandfly  fever  was  difficult 
and  that  it  required  much  clinical  acumen  and  confirmation  by  the  labora¬ 
tory.  However,  too  often  in  MTOUSA,  the  reluctance  to  make  the  diagnosis 
resulted  from  intellectual  slovenliness  and  from  the  ease  with  which,  for 
diagnostic  purposes,  the  disease  could  be  classified  as  F.U.O. 

TREATMENT  AND  PREVENTION 

The  treatment  of  sandfly  fever  in  NATOUSA-MTOUSA  was  purely 
symptomatic  in  type. 

It  was  found  in  NATOUSA-MTOUSA  that  the  prevention  of  sandfly 
fever  was  dependent  upon  the  precautions  taken  by  the  individual  against 
being  bitten  by  sandflies  and  upon  environmental  control  measures  aimed  at 
the  eradication  of  sandflies. 


SUMMARY 

Sandfly  fever  was  a  problem  of  great  importance  to  the  U.S.  Army  in 
NATOUSA-MTOUSA,  and  it  was  responsible  for  much  loss  of  manpower 
during  the  summers  of  1943  and  1944. 


13  See  footnote  8,  p.  52. 
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Due  to  the  variations  in  the  clinical  piclure  of  sandfly  fever,  and  because 
specific  tests  for  establishing'  its  identity  were  not  available,  njedical  officers 
Avere  often  reluctant  to  make  the  diagnosis  of  this  disease  on  the  basis  of 
their  clinical  findings.  As  a  result,  many  thousands  of  cases  of  sandfly  fever 
were  probably  recorded  as  F.U.O.,  and  hence,  the  data  recorded  in  the  sta¬ 
tistical  health  reports  from  XATOITSA-MTOUSA  regarding  this  disease 
were  inaccurate. 

Sandfly  fever  could  have  l)een  prevented  in  the  areas  in  wliich  the  dis¬ 
ease  was  endemic  if  the  proper  individual  precautions  for  the  prevention  of 
tliis  disease  had  been  observed  and  if  a  program  for  flie  environmental  con¬ 
trol  of  sandflies  based  upon  the  use  of  DDT  (dichlorodiphenyltrichloro- 
ethane)  sprays  had  been  instituted. 


CHAPTER  III 


Dengue 

Richard  B.  Capps,  M.D. 

INTRODUCTION 

Dengue  is  an  acute  febrile  illness  caused  by  a  filterable  virus  transmit¬ 
ted  by  mosquitoes.  It  was  first  described  by  David  Bylon  in  1779  under  the 
name  of  joint  fever.^  Since  then,  tlie  disease  has  come  to  be  recognized  as 
common  in  many  parts  of  the  world,  and  a  number  of  extensive  epidemics 
have  been  described.-  Bancroft,'*  in  1906,  was  the  first  to  suggest  that  trans¬ 
mission  might  be  due  to  Aed^s  aegypti.  This  was  conclusively  established  by 
Cleland,  Bradley,  and  McDonald  in  1916  and  1919,^  Siler,  Hall,  and  Hitchens 
in  1926,®  and  Simmons,  St.  John,  and  Reynolds  in  1931.®  Subsequently,  it 
was  demonstrated  that  Aedes  alhopictus,  Acdes  scutellark,  and  Aedes  hehrid- 
eus  ’  can  also  serve  as  insect  vectors.  That  the  etiological  agent  was  a  filter¬ 
able  virus  was  first  proved  by  Ashburn  and  Craig  in  1907.®  In  1929,  Blanc, 
Caminopetros,  Dumas,  and  Saenz  ®  found  that  certain  species  of  monkeys 
could  be  infected  with  the  virus  and  could  thus  serve  as  a  natural  i-eservoir. 
This  was  confirmed  by  Simmons,  St.  John,  and  Reynolds  in  1931. 

Although  dengue  is  a  nonfatal  disease,  it  may  assume  considerable  mili¬ 
tary  importance  because  of  its  tendency  to  occur  in  massive  outbreaks  result¬ 
ing  in  incapacity  of  large  numbers  of  men.  This  type  of  epidemic  is  favored 
by  the  introduction  of  nonimmunes  into  an  endemic  area  as  so  often  occurred 
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Fever.  .1.  Infect.  Dis.  4  :  440-475,  1907. 

0  Blanc.  G.,  Caminopetros,  J.,  Dumas.  J.,  and  Saenz.  A.:  Recherches  Experimentales  sur  la  Sensi- 
bilite  des  Singes  Inferieurs  au  Virus  de  la  Dengue.  Compt.  rend.  Acad.  d.  Sc.  188  :  468-470,  4  Feb.  1929. 
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dui‘iu<^  World  War  II.  Since  prophylactic  measures  were  lijjiited  to  mos¬ 
quito  control  and  since  this  was  difficult  to  accomplish  during  combat,  the 
disease  was  a  definite  military  hazard  throughout  World  War  II  in  practi¬ 
cally  all  areas  of  the  Pacific  and  Asiatic  theaters. 

INCIDENCE 

The  incidence  of  dengue  in  the  XT.S.  Army  during  World  War  II,  by 
theaters  of  oiierations,  is  shown  in  table  <>.  It  is  evident  that  the  disease  was 
largely  restricted  to  the  Pacific  and  Asiatic  theaters,  although  scattered  cases 
were  reported  from  each  of  the  other  theaters.  The  lack  of  a  specific  diag¬ 
nostic  test  raises  a  question  as  to  the  validity  of  the  diagnosis,  especially 
where  sporadic  cases  were  reported.  On  the  other  hand,  many  cases  were 
imdoubtedly  not  recognized  and  were  reported  under  the  diagnosis  of 
“fever  of  undetermined  origin.”  It  seems  probable  that  the  actual  cases  ex¬ 
ceeded  those  reported.  Finally,  it  should  be  noted  that  the  incidence  remained 
low’  throughout  1045.  This  was  presumably  due  to  improved  mosquito  con¬ 
trol  measures,  although  in  certain  areas  an  increased  percentage  of  immunes 
may  have  also  been  a  factor. 


Table  3. — Incidence  of  dengue  in  the  V.S.  Army,  by  area  and  year,  1942-45 
(Rato  exprossoit  as  numljor  of  cases  per  annum  per  1,000  average  strength) 


Area  j 

1 

i  1942-45 

1 

1942 

1943 

1  1944  ' 

1 

1945 

1 

Num¬ 
ber  of 
ca.ses 

1 

Kate 

Num¬ 
ber  of 
cu-ses 

Rate 

1 

Num¬ 
ber  of 
cases 

1 

Rate 

Num¬ 
ber  of 

1  ea«‘S 

Rate  1 

Num¬ 
ber  of 
cast's 

Rate 

Continental  United  States . 

35 

0.00 

(■) 

(■) 

1 

12 

0.00 

14 

0.00 

9 

0.00 

Overseas; 

1 

1 

,| 

1 

1 

1 

i 

1  1 

t 

-Mediterranean . 

97 

0.07 

(•) 

(') 

82 

0.19  ! 

13 

0. 02 

1  - 

0.01 

Africa-Middle  East . . 

8 

.05 

*  \ 

.70 

1 

.02 

2 

i  -IM 

1 

.02 

China-Hurma-India . . 

7,753 

17.92 

143 

25. 14 

1.150 

24.96 

4,050 

25.39 

2, 410 

10.84 

Southwest  Pacific _ 

48,632 

28.45 

3,923 

58.51 

5.778 

29.60 

26,580 

47.96 

12.351 

13.78 

Pacific  Ocean  .\rca _ 

27,365 

23.67 

12 

.08 

11.931 

40.42 

14.200 

35.98 

1. 222 

3.  76 

North  .\raeric3 . . 

1 

.01 

1  j 

.02 

(') 

(■) 

(•)  1 

(') 

(>) 

C) 

Latin  America . 

203 

.53 

117 

1. 14  1 

39 

.32 

33 

.38 

14 

.19 

Total  overseas _ _ 

84.059 

8.65 

4.200 

8. 18 

18,981 

12, 15 

44,878 

12.  82 

16.000 

3.86 

Total  Army . ^ 

84.094 

I  3.46 

1 

1  4.200  ’ 

1.38 

18.993  ! 

00  ! 
ic  1 

1 

i  44.892 

j  5.98 

16,009 

2. 25 

'  Troops  present  in  the  area;  no  oases  reported. 

Note.— 0.00  indicates  a  rate  of  less  than  0.005  per  annum. 


SPECIFIC  OUTBREAKS 
Australia 

In  March,  April,  and  May  of  11)42,  an  extension  epidemic  of  dengue  oc¬ 
curred  among  U.S.  Army  troops  stationed  in  Northern  Territory  and  Queens- 
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A  less  severe  epidemic  occurred  at  New  Caledonia  in  1943,  as  shown  in 
table  4.  The  wide  distribution  of  breeding  places  for  A.  aegi/ptl  and  the 
lack  of  preventive  measures  by  the  resident  population  contributed  to  the 
persistence  of  the  outbreak.  The  incidence  of  infection  in  military  person¬ 
nel  would  undoubtedly  have  been  much  higher  if  it  had  not  been  for  intensive 
mos(|uito  control  measures  carried  out  by  the  base  malaria  control  unit.  An 
epidemic  was  avoided,  although  cases  developed  during  the  1944  rainy  season. 

Hawaiian  Islands 

In  1943,  dengue  appeared  in  Honolulu,  T.H.,  in  epidemic  form  for  the 
first  time  in  over  30  years.  The  evidence  suggested  that  the  disease  was 
imported  from  Suva,  Fiji  Islands,  where  an  epidemic  was  in  progress.  Two 
commercial  airline  pilots  were  hospitalized  with  dengue  in  Honolulu  early  in 
July  1943,  shortly  after  arrival  from  Suva.  One  of  the  pilots  was  ill  upon 
arrival  whereas  the  other  did  not  develop  symptoms  for  several  days  and 
was  not  isolated  by  hospitalization  until  he  had  passed  through  the  infectious 
period.^®  Three  weeks  later,  two  civilian  cases  appeared  in  the  Waikiki 
Beach  area  of  Honolulu,  and,  12  days  later,  two  cases  occurred  in  Army 
personnel  in  the  same  section.^®  Measures  were  taken  immediately  to  prevent 
an  explosive  outbreak,  consisting  chiefly  of  an  extensive  program  of  mosquito 
control.  Also,  proper  screening  of  patients  in  hospitals  and  in  homes  was 
made  mandatory,  and  large  areas  of  the  City  of  Honolulu  were  placed  off 
limits  to  troops.  Although  1,355  civilian  cases  were  reported  through  31  De¬ 
cember  1943,  only  56  cases  occurred  in  military  personnel. 

i  -  Gilbertson.  W.  K.  :  Snnitiirv  Aspects  of  the  Control  of  the  194.‘?-1944  Epidemic  of  DenRue  Tever 
in  Honolulu.  Am.  J.  I'lib.  Health  .tO  :  201-270.  March  1945. 

History  of  Preventive  MediciiH'.  United  States  .\rmy  Force.s,  Middle  Pacific,  pp.  2.'?1  2.15.  [OflS- 
cial  record.] 
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In  order  to  I'ender  effective  )))easures  for  control  of  juosquitoes  in  mili¬ 
tary  areas,  it  was  necessary  to  have  adequate  control  in  the  surrounding 
civilian  areas.  Toward  this  end,  the  Army  gave  all  possible  assistance  to 
civilian  agencies.  A  medical  officer  was  attached  to  the  territorial  board  of 
health  to  make  an  epidemiological  study  of  all  new  cases.  Fifty  enlisted 
men  were  assigned  to  spray  the  buildings  and  to  eliminate  breeding  places  of 
mosquitoes  in  homes  where  there  were  cases  of  dengue.  Trucks,  ladders,  and 
spniying  e(iuipment  were  made  available  for  use  by  civilian  agencies.  In 
Septeml)er  15)43,  it  l)ecame  ne<‘essary  to  extend  the  program  for  mo.squito 
control  to  include  the  entire  (^ity  of  Honolulu.  The  program  was  supervised 
by  the  U.S.  Public  Health  Service,  and  labor  was  provided  by  a  medical 
service  company,  ironolulu  was  divided  into  3  districts  and  subdivided  into 
77  inspection  zones,  each  of  such  size  that  one  man  could  thoroughly  cover 
his  zone  every  10  days. 

Aedcs  mostpiitoes  were  found  breeding  in  all  varieties  of  containers  that 
could  hold  water,  such  as  tin  cans,  bottles,  barrels,  jars,  flower  vases  and  cups, 
tanks,  tubs,  tires,  storm  drains,  catch  basins,  unstocked  fishponds,  abandoned 
cesspools,  and  cisterns.  Breeding  places  were  also  encountered  in  water¬ 
holding  plants,  such  as  spider  lilies,  pineapple  lilies,  and  ape  plants  and  in 
rotted-out  holes  and  crotches  in  poinciana,  algarroba,  haole  koa  and  guava 
trees,  bamboo  and  banana  stumps,  and  the  larger  water-holding  pockets  in 
travelers  palms.  Other  unusual  bi-eeding  places  were  in  fallen  palm  fronds 
and  the  holes  of  lava-formed  rocks  and  pockets  in  emerged  formations  of 
coral  reef.  It  is  striking  that  in  over  one  million  inspections,  on  only  four 
occasions  were  ground  pools  found  to  be  breeding  places  for  Aed^es  mosqui¬ 
toes.  Since  both  *4.  aegypti  and  A.  alhopictus  have  short  flight  ranges  (up 
t()  200  yards),  it  was  only  nece.s.sary  to  extend  control  operations  to  the 
fringes  of  tlie  inhabited  areas. 

The  effectiveness  of  these  mea.su res  is  shown  in  table  5.  It  will  be  noted 
that  the  breeding  indices  of  Aedes  mosquitoes  were  satisfactorily  reduced.  It 


Table  5. — Breeding  index  of  Aedes  mosquitoes  in  Honolulu,  T.H.,  from  August  1943  to 

August  1944 


Year  and  month  j 

Index  ■  ! 

j  Year  and  month 

Index  > 

! 

1943 

.August _ 

5.  7 

1944 

January  ... 

1.0 

September.  _  _  .  . 

1.  7 

February..  .  _  ..  _ 

.  1.9 

October.  _  ....  _ 

1.  1 

March.  _  _  _ 

_  3. 5 

November _  _ 

.  9 

April..  .  _  -  _ 

..  .  1.  8 

December..  _  _ _ 

!  1. 2 

May _  .  _ _  .  _ 

_  1. 0 

1 

June _  ...  _ 

_  1.  I 

July -  - 

_  .  7 

1 

August..  _ _ 

_  .8 

■  Perct'ntagc  of  premises  insjiected  in  which  Aedt$  larvae  were  found. 
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is  interesting  that  the  critical  index  or  thi-eshold  of  importance  for  dengue 
was  I}.()  or  less,  which  is  considerably  lower  than  the  value  of  5.0  which  is 
generally  accepted  as  the  critical  point  for  yellow  fever.^’^ 

New  Guinea  and  the  Philippine  Islands 

From  the  onset  of  operations  in  New  Guinea  and  adjacent  islands,  dengue 
was  an  important  cause  of  nonelfectiveness  of  troops.^®  Table  6  shows  the 
case  rates  for  the  years  1944  and  1945;  separate  rates  for  this  area  are  not 
available  for  the  year  1948.  It  will  be  noted  that  the  incidence  was  highest 
during  January  and  February,  which  are  the  months  of  heavy  rainfall.  Dur¬ 
ing  the  first  6  months  of  1944,  the  case  rates  for  dengue  exceeded  those  for 

Table  6. — Incidence  of  dengue  in  U.S.  Army  personnel  in  New  Guinea  and  adjacent  islands, 

January  1944  to  August  1945 


fRate  expressed  as  number  of  cases  per  annum  per  1,000  average  strength] 


Year  and  month  j 

Number  of  cases 

Rate 

1944 

January _ _ _ _ _ _ _ _ 

3,  137 

197.  6 

February _ _ _ _ _ _ _ _ _ 

2,  849 

164.  1 

March _ _  _ 

2,  469 

90.  6 

April _ _ _ _ _  _ 

1,  848 

68.  0 

May . .  - . .  - . .  - .  . 

1,  970 

66.  1 

June. - - - - - 

2,  756 

61.  2 

July - - - - - - 

2,  613 

60.  1 

Vugust- . -  - _ _ _ _ 

1,571 

33.  6 

'  ptember _  _  . _ _ _ _ _ _ 

1,828 

30.  5 

October  _ _  _  _ 

1,  102 

21.  5 

November _  _  .  _ _ 

935 

23.  5 

December . . .  . . .  -  - 

1,001 

23.  2 

Total  - .  . . . 

24,  079 

54.  2 

1945 

! 

January _ _  —  _  - 

640 

24.  6 

February--  .  -  -  -----  _ 

576 

25.  8 

March _  _  _ _  —  -  -  - -  -.- 

597 

25.  5 

April _  -  — .  -----  -  -  -- 

468 

30.  5 

Mav _ _  --  -  _  —  .  -  -  - 

353 

27.  3 

June _  --  -  --  ----  ------ 

208 

15.  3 

July- _  -  -  -------  -  -  -  —  -- 

48 

6.  9 

August  . .  . .  —  —  ---  ------- 

222 

9.  2 

Total . .  .  _  -  - _ _ 

3,  112 

21.5 

i 

1 

”  Soper,  F.  L.,  and  Wilson,  D.  B. :  Species  Eradication;  A  Practical  Goal  of  Species  Reduction  In 
the  Control  of  Mosquito-borne  Disease.  J.  Nat.  Malaria  Soc.  1  (No.  1)  :  5-25,  1945. 

18  See  footnote  7  (3),  p.  52. 
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inuliiria.  It  will  In*  notinl  that  itt  IHI.'i  thi*  rales  iviiiained  low.  even  during 
the  rainy  season.  'I'liis  presiiniahly  was  din*  to  inn)ro\ed  nioscuiito  control 
and  t*)  an  increaseil  percentage  of  inininne>  ainttng  inilitarv  personnel.  As 
occurred  el.<ewliere.  striking  onthreaks  ap])eared  in  certain  units,  notably  in 
the  Ilollandia  int<l  J5iak  areas.  In  the  Biak  area,  the  ratio  of  dengue  to 
malaria  was  4  :  1.’ ’ 


In  Xew  (iiiinea,  (he  vector  appeared  to  he  .1.  ffrutclhirisr''  .1.  (/((fijpti 
are  rare  in  this  area.  This  increased  (he  ])rohlem  of  mostpiito  control  he- 
cau.'^e  of  (lie  greater  variety  of  breeding  places  employed  by  .1.  xritfcfl/n'is 
(lig.  4).  In  addition,  the  day-biting  habits  of  this  sjH'cies  made  individual 
protective  measures  nece.ssary  at  all  hours,  especially  in  shaded  jungle  areas. 

The  situation  in  the  I’hilijjpines  is  of  particular  interest  because  it  illus¬ 
trates  the  effect iveness  of  meastires  for  <'oi\t rolling  mos((uitoes.  Prior  to 
World  War  II,  dengue  had  always  been  a  problem  among  Army  forces  sta¬ 
tioned  in  the  Philii)pities.  lleplacements  frecpiently  ♦•ontracted  the  disease 
within  a  few  months  after  arrival,  ('onseqnently.  with  the  ojtening  of  the 
campaign  for  reoccupation,  a  .'serious  situation  was  anticipated,  especially 


I-'  Quarterly  Report.  .Siirf;<’on,  I  Corp.s,  Southwest  I'jteilic  .\ri'ii.  1  .Njir.  1944  .'’.h  .Tune  1944. 
21)  .See  footnote  7  (4),  p.  52. 
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during  tlie  rainy  season  in  areas  of  dense  population.  However,  in  spite  of 
the  pi-esence  of  large  numbers  of  noniinmunes  and  the  ap[)earance  of  cases 
throughout  the  Philippine  Islands,  no  real  epidemic  outbreaks  developed. 
The  case  rates  are  shown  in  table  7. 


Tabi.k  7. — Incidence  of  dengue  in  U.S.  Army  personnel  in  the  Philippine  Islands,  November 

1944  to  December  1945 

[Rate  expressed  as  number  of  cases  per  annum  per  1,000  averafto  strength] 

Year  iuid  month 


1944 


November. 

December. 


1945 


January  _ . 
February. 

March _ 

.\pril _ 

May _ 

June _ 

July _ 

August _ 

September 

October _ 

November. 

December. 


Total  for  1945. 
Total _ 


Xiimber  of  oases 

Rate 

652 

39.  8 

1,  360 

49.  1 

1,  033 

32.  1 

893 

24.  8 

1,  214 

25.  7 

857 

19.  9 

913 

19.  6 

839 

13.  4 

930 

16.  4 

1,  140 

15.  2 

439 

7.  9 

294 

6.  3 

285 

6.  3 

89 

4.  1 

8,  926 

15.  7 

10,  938 

17.  9 

Effective  mosquito  control  was  achieved  by  attaching  malaria  units  to 
all  forces  operating  in  the  Philippines.  In  addition  to  the  usual  control 
measures  which  were  carried  out  on  an  intensive  scale,  area  spraying  with 
DDT  (dichlorodiphenyltrichloroethane)  from  airplanes  was  carried  out  ex¬ 
tensively  over  Manila  (fig.  5)  and  other  populated  centers  on  Luzon  Island 
during  the  early  months  of  1945.®'  The  houses  of  natives  adjacent  to  con¬ 
centrations  of  troops  were  also  sprayed  with  DDT. 

It  is  of  interest  that  reports  from  this  area  indicated  considerable  varia¬ 
tion  in  the  clinical  picture.  Thus,  many  cases  showed  only  a  single  peak  in 
temperature,  and  in  many  instances  the  disease  was  quite  mild.  The  diflScul- 
ties  in  diagnosis,  particularly  during  the  first  few  days  of  illness,  were 

21  Essential  Technical  Medical  Data,  U.S.  Army  Forces  in  tile  Far  East,  for  March  and  April  194,5. 
Inclostire  I.",  subject:  DDT  Spra.ving  in  Liixoii. 
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A'  H  .<I.J .  L-tr.  t  Is 


m- 


\  .s.  Artnv  |•lh•t^•L^l^■lJ^ll 

I'lij  i:i  .*•  .\fi‘i;il  view  "I  M:uiil;i  Immuu  '-|»t:i\ ••<!  au.-iiii"!  iim-^iluitiM*^  Mini  ilit*''  uifli  i*I»I 
iii><‘<-iiri<|r  l»\  r  i7'>  <»f  ;i  T.S.  Air  Fun  r  imii.  I.u/.on.  Fliili|>i*iii<‘  Ajiril  I'.M.’. 


ri'lHMtftll V  |Mi;irc(|  (Mil.  'rite  \va>  iiiii-i  rDiuiiionlv  fun I'iimmI  with 

iiialai'ia.  i  ii  h'ci  iuii-  lic|iai.li'.  ainl  mM’IiIi  tv|>lni>. 


Saipan 

I\'rlia|i>  ilu'  iiKi'i  outluvak  ol'  Wfii^iu*  <ltii’iii<r  II 

()c-«MiiTi-<l  ill  iIk-  .Mariana-  l.-laml.-  in  lln*  lalt‘  -ninnuT  <>!  lltU.  K’clat  i  vi'ly 

n'ci)n!>  arc  a\ailal>U‘  only  for  Saipan.  Slmrlly  afUM-  llic  a-sanll 
(III  ilii-  i-lantl.  on  !.'•  ,Imic  I'.M  I.  dengue  inatlc  il>  appcai'anci>  ainonc'  the 
troop-.  .Vl  lir-l.  the  incidence  u;i.-  low,  proltaldy  Iiecaii-i‘  the  rainy  -eason 
did  not  liei.dn  until  (he  lir>l  <d’  .\ii^n-l  an<l  nio-<(uiloe.-  were  not  .ahiindanl. 
ll(ove\er.  1>\  II  .\nirn-i.  nio-tpiit oes  had  hecoine  phnilil'nl  ainl  tin*  deiiiriie 

rale  had  reached  .’’.(Ml.  The  iin-iileiice  continued  to  risi‘  rapidly,  and  hy  s  .S(>j)- 

leinher  (lie  rati-  had  laaiched  approxiinalely  :’>..')(•(>  jier  l.n(M)  per  annnni.-- 

riii-  oiithreak  was  oi)\  iou-ly  caused  l»y  the  pre-eiici'  (d'  larcft*  mnnht'i> 
ol'  nio>i|ni(oe>  and  (he  inelh*c(ivenes-  ol’  or<linary  inea.-nre-  of  control.  Thus, 
(here  were  inniina'raltle  hret>din<f  place-  provided  liy  "an  iinl>elit‘\ahU-  amount 


--Ksxiifial  ^^•rhIl  ir.i  I  l»;Ua.  r.S.  Arntv  Fon 


VH.  1‘arilii-  lh-r;i||  I'm)-  Sf|*l«-|ltlH-l’  r.»n 
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of  rubble  resultinj^  from  tlie  total  tlestruetioii  of  villages  and  scattered  dwell¬ 
ings,  a  multitude  of  wells,  cisterns,  vats,  troughs  and  rainwater-collection 
facilities  as  well  as  an  immense  quantity  of  tins,  shell  cases,  et  cetera.”  The 
ditliculties  encountered  in  controlling  mosquitoes  during  and  immediately 
following  the  assault  phase  of  a  campaign  are  sufticiently  great  under  ordi¬ 
nary  circumstances,  but  in  this  instance  they  proved  to  be  insurmountable. 
This  is  illustrated  by  counts  made  of  the  number  of  mosquitoes  found  biting 
a  single  human  during  10-minute  periods.  Thus,  between  16  August  and 
10  September  1944,  counts  made  in  the  late  afternoon  near  the  vicinity  of 
towns  or  villages  showed  from  5  to  36  specimens  of  A.  aegypti  and  from 
2  to  16  specimens  of  A.  alhopictm  as  well  as  1  to  7  specimens  of  other  species. 
Counts  made  at  night  showed  as  many  as  42  specimens  of  still  other  species. 

Effective  control  of  mosquitoes  only  became  possible  when  a  supply  of 
DDT  arrived  on  3  Septeml)er  1044.  Area  control  was  employed  by  spray¬ 
ing  o  jiercent  DDT  and  kerosene  from  airplanes.  It  was  found  that  small 
planes  were  inadequate  and  that  it  was  necessary  to  use  C-47’s  because  of 
the  size  of  the  area  involved.  Between  12  and  22  September,  8,600  gallons 
of  the  mixture  was  sprayed  over  a  total  of  approximately  15,000  acres,  an 
average  of  approximately  two-tenths  of  a  pound  of  DDT  per  acre.  In 
addition,  DDT  residual  spray  was  used  in  all  tents  and  living  quarters  of 
hospitals."®  This  was  accomplished  with  a  truck-mounted  power  spray  unit 
for  chemical  decontamination  provided  by  the  Chemical  Warfare  Service. 

The  effectiveness  of  these  measures  is  shown  in  table  8.  The  number  of 
new  cases  began  to  decrease  significantly  about  1  week  after  the  aerial  spray¬ 
ing  of  DDT  was  started.  After  the  first  of  October,  the  number  of  new 
cases  was  less  than  10  percent  of  the  number  which  occurred  at  the  height 
of  the  epidemic.  Although  the  preliminary  summary  reports  show  only  10,834 
cases  of  dengue  for  the  entire  Pacific  Ocean  Area  during  August,  September, 
and  October,  1944,  it  is  reliably  estimated  that  there  were  20,000  cases  on 
Saipan  alone.®^  This  discrepancy  was  probably  due  to  a  high  percentage  of 
cases  that  were  cared  for  in  quarters  and  were  not  officially  reported. 

The  effectiveness  of  these  measures  in  controlling  the  mosquito  popula¬ 
tion  was  clearly  demonstrated  by  observations  on  the  “biting  rate"  per 
minute.  Thus,  surveys  made  before  and  after  spraying  by  airplane  indicated 
a  decrease  up  to  98  percent.  In  addition,  it  was  generally  agreed  by  troops 
that  there  had  been  a  tremendous  reduction  in  the  mosquito  population. 
This  was  further  substantiated  by  surveys  of  breeding  places  of  mosquitoes 
made  before  and  after  DDT  spraying.  Finally,  the  effectiveness  of  these 
measures  is  indicated  by  the  marked  decrease  in  new  cases  of  dengue  which 
occurred  before  the  end  of  the  rainy  season  and  at  a  time  when  susceptible 
troops  were  still  arriving  on  the  island. 

S'l  Letter,  I>eput.v  Surgeon,  Headquarters,  U.S.  Army  Forces,  Pacific  Ocean  .\reas.  to  Surgeon, 
Pacific  Ocean  Areas,  30  Sept.  1944,  subject:  Measures  Used  for  Control  of  Dengue  Fever  on  Saipan. 

Annual  Report,  Eighteenth  Medical  General  Laborator.v,  Pacific  Ocean  Areas,  1944.  Inclosure  5 
thereto. 
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Table  8. — Daily  report  of  new  cases  of  dengue  at  height  of  the  epidemic  in  Saipan,  14  September 

to  6  October  1944 


Date 

Number 

j  Date 

. 

1  1944 

Soptcmbor  14 _  - 

393 

SoptiMiibtT  26  -  -  -  .  1 

15 _ 

426 

27...  _  .  ..| 

16 _  --  - 

294 

28  ..  1 

17 _  .. 

:i06 

29...  _  ..  . 

18 _ 

289 

30...  _  _ i 

19 _ 

275 

October  1 .  _  .  .  .  .  ^ 

20 _ 

230  i 

21 _ 

137  1 

3 _  .  _ 

137 

4...  ..  ..  .. 

23 _ 

112 

5  -.  _  _ 

24 _ 

93 

6...  -  ...  - 

25. . . 

81 

1 

Number 


62 

87 

79 

71 

44 

36 

33 

27 

28 
32 
23 


China-Burma-India 

Although  dengue  was  endemic  in  most  of  the  China-Burma-India 
theater,  the  majority  of  cases  among  U.S.  troops  occurred  in  the  region  of 
Calcutta,  India.  The  highest  incidence  appeared  between  July  and  October 
with  the  peak  varying  according  to  the  dates  of  the  monsoon.^®  During  1942, 
1943,  and  1944,  the  dengue  rates  were  approximately  the  same;  namely, 
25  per  1,000  per  annum.  However,  in  1945,  the  rate  dropped  to  less  than 
half.  Although  the  explanation  for  this  is  not  entirely  clear,  it  is  felt  that 
the  improvement  was  largely  due  to  the  work  of  malaria  control  detachments 
whose  measures  were  directed  towards  Aedes  mosquitoes  as  well  as  the 
Anopheles  mosquitoes.  In  addition,  antimosquito  supplies  and  equipment 
were  more  readily  available  in  1945  and  individual  protective  measures  were 
better  enforced  (fig.  6). 

One  small  but  sharp  outbreak  of  dengue  which  occurred  in  the  China 
theater  illustrates  tlie  military  importance  of  this  disease  as  follows:  During 
September  1945,  after  V-J  Day,  an  epidemic  was  reported  in  Hankow, 
China,  which  was  said  to  have  affected  percent  of  the  population  of  the 
city.  When  American  forces  occupied  the  airport,  40  of  the  first  48  men  to 
arrive  contracted  dengue  within  5  to  10  days.®®  Because  of  this  situation, 
it  was  first  recommended  that  operations  from  Hankow  be  suspended.  Sub¬ 
sequently,  however,  they  were  considered  essential.  Intensive  measures  for 


25  Van  Auken,  H.  A. :  A  History  of  Preventive  Medicine  in  the  United  States  Army  Forces  of  the 
India-Burma  Theater,  1942  to  1945,  p.  317.  [Official  record.  1 

26  E.ssential  Technical  Medical  Data,  U.S.  Forces,  China  Theater,  for  October  1945. 
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and  prov  ide  a  comprehensive  hackground  for  the  military  cases  described 
in  ditferent  parts  of  the  PaciKc  area.  These  were  likewise  of  varying  severity 
and  symptomatology,-®  and  in  some  instances,  because  of  lack  of  specific 
laboratory  tests,  the  diagnosis  could  be  only  denguelike  fever®®  based  on 
symptomatology  and  epidemiological  considerations. 

Characteristically,  the  onset  of  dengue  was  sudden,  accompanied  by  fever 
and  sometimes  by  a  chill.  The  fever  was  of  two  types — saddleback  and 
single  phase.  Patients  were  usually  admitted  to  the  hospital  within  a  few 
hours  of  onset  of  the  disease,  with  a  temperature  ranging  from  99°  to  104°  F. 
which  persisted  for  at  least  2  or  3  days.®‘  Over  half  the  patients  then  had  a 
remission  in  which  both  the  fever  and  symptoms  practically  disappeared. 
This  remission  lasted  1  or  2  days  and  was  followed  by  a  second  rise  in 
temperature  and  return  of  symptoms.  These,  in  turn,  subsided  rapidly  on 
the  fifth  to  seventh  day  of  illness.  In  patients  who  did  not  exhibit  this 
saddleback  type  of  fever,  symptoms  and  fever  were  largely  the  same  but 
persisted  for  several  days,  regressing  gradually  from  the  third  to  the  eighth 
day  of  illness. 

Dizziness,  prostration,  and  extreme  weakness  in  the  legs  were  frequent 
presenting  symptoms.  Frontal  or  occipital  headache,  generalized  aching 
especially  in  the  back  and  joints,  and  pain  in  and  around  the  eyes  developed 
early.  Anorexia  was  common  and  was  often  accompanied  by  nausea  and 
sometimes  by  vomiting.  Occasionally,  mild  abdominal  pain  was  noted. 
Many  patients  complained  of  insomnia  and  restlessness,  and  these  symptoms 
frequently  persisted  into  convalescence. 

Flushing  of  the  face  and  neck  and  scleral  injection  were  common.  Two 
types  of  rash  were  observed.  One,  an  enanthem,  appeared  within  the  first 
12  hours,  if  at  all,  and  consisted  of  pinpoint-sized,  discrete,  glistening  vesicles 
on  the  posterior  half  of  the  soft  palate.  Star-shaped  redness  developed 
beneath  these  within  24  hours.  This  rash  was  morbilliform ;  it  faded  during 
the  period  of  remission  and  did  not  recur  with  the  second  rise  in  tempera¬ 
ture.  The  other  type  of  rash  was  an  exanthem  (fig.  7).  Seventy-nine  per¬ 
cent  of  the  patients  in  one  group  had  this  rash  on  admission  to  hospital. 
It  could  l)e  mild  (a  few  discrete,  light  pink,  morbilliform  spots  on  the  sides 
of  the  thorax,  inner  surfaces  of  the  upper  arms,  and  in  the  lumbar  region) 
or  severe  when  it  presented  unbroken,  erythematous  areas  covering  the  face 
below  the  forehead,  neck,  shoulders,  and  thorax.  The  morbilliform  charac- 


»  (1)  Diasio,  J.S.,  and  Richardson,  F.  M. ;  Clinical  Observations  on  Dengue  Fever;  Report  of 
100  Cases.  Mil.  Surgeon  94 :  365-369,  June  1944.  (2)  Klsner,  P.,  and  Lisansky,  E.  T. :  Analysis  of 

an  Epidemic  of  Dengue  Fever.  Ann.  Int.  Med.  20 :  41-51,  January  1944. 

30  (1)  Fairchild.  D.  M.  :  Dengue-Llke  Fever  on  the  Isthmus  of  Panama.  Am.  J.  Trop.  Med.  25: 
397—401,  September  1945.  (2)  Johnson,  J.  A.,  Jr.,  Martin,  W.  B.,  and  Breslow,  L. :  Dengue-Iiike 

Fever  on  Okinawa.  Bull.  D.S.  Army  M.  Dept.  5 ;  306-311,  March  1946. 

«  (1)  See  footnote  29,  p.  72.  (2)  Cavanagh,  J.  R. :  Dengue ;  Observations  on  the  Disease  as  Seen 
in  the  South  Pacific  Area.  War  Med.  4  :  549-555,  December  1943. 
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ter  l)ecame  apparent  at  the  edjjes  of  the  confluent  areas,  notably  the  lower 
half  of  tlie  up|)er  arm.  uppei"  part  of  the  abdomen,  and  thoracic  extensions 
of  the  axillary  spaces.  This  rash  also  faded  diirinj?  I'emission  but  recurred, 
usually  in  less  intense  form,  with  recrudescence  of  fever.  When  it  extended 
to  the  palms  of  the  hands  and  soles  of  tlie  feet,  it  was  frequently  followed 
by  itching. 

The  incidence  of  adenopathy  was  hifjhly  variable  and,  when  present,  it 
most  commonly  involved  the  cervical  nodes,**  j)ersisting  throu^jh  the  second 
phase  of  fever  and  subsiding;  gradually  during  convalescence.  Bradycardia 
was  usually  present  and  first  appeared  after  the  second  day  of  illness,  .some¬ 
times  lasting  into  convalescence.  I.ieukopenia  was  present  early,  with  an 
average  I’eduction  in  numl)er  of  white  blood  cells  to  5,450  per  cubic  mil¬ 
limeter.  By  the  fifth  day  of  illness,  the  average  count  numbered  3,500  cells 
per  cubic  millimeter,  with  a  relative  lymphocytosis.  Atypical  lymphocytes 
with  vacuolated  cytoplasm  and  coarse  granular  inclusions  were  commonly 
seen.  The  symptoms  and  signs  of  disease  in  two  groups  of  patients  in  the 
U.S.  Army  are  recorded  in  table  9. 

Table  9. — Physical  signs  and  symptoms  of  418  cases  of  dengue  in  two  groups  of 

U.S,  Army  patients,  1944 


Condition 

.Australia 

(percent) 

South  Pacific 
(percent) 

Physical  signs: 

Fever _ 

100 

97 

Saddleback _ 

56 

06 

Single  temperature  rise  - _ _ _ 

45 

30 

Intermittent  temperature  rise _  .  _  _ 

0 

1 

3 

Afebrile  _ _  _ _ _  _ _ _ 

0 

Rash _ _ _  _  -  _ _  -  . 

79 

37 

Flushing  of  face  (initial  phase) _ _ _ _ _ _ 

33 

20 

Tongue  coated  _ _ _  _ _ 

53 

Bradycardia  (after  2d  dav)  _  ,  _ _ _ 

97 

20 

Scleral  injection  _ _  ,  .  _ _ _ _ 

89 

Eyeball  tenderness  to  pressure  _  .  >  -  _ _ _ _ 

45 

Adenopathy. _ _  .  _ _ _  _ 

100 

17 

Cervical ..  .  _ _  .  _ _ 

94 

'  93 

Epitrochlear.. _ _ _  ..  _  -  . 

90 

Inguinal.  _ _ _  .  .  ..  ..  .  ..  _ _ 

80 

Laryngeal  or  oropharvngeal  vascular  congestion _  . 

17 

11 

Leukopenia _  ..  _  _  ..  ..  .. 

100 

Red  blood  cell  count  _  _ _ 

Normal 

Normal 

Febrile  albuminuria. .  _ _ 

8 

Symptoms: 

Feverishness  _ 

100 

97 

Chills  or  chilliness _  _ 

54 

32 

32  S«-e  footnote  29,  i).  72. 
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Tabi-e  9. — Physical  signs  and  syinyto/ns  of  il8  cases  of  dengue  in  two  groups  of 
V.S.  Arrny  patients,  J9i4 — Continued 


Condition 

•Australia 

(percent) 

South  Pacifle 
(percent) 

Symptoms — Continued 

j 

.\ches  and  pains  ..  _  _ 

99 

Headache-  _ _  _ _ 

94 

69 

General  aching _ - _ _  _  _ 

75 

35 

Lumbar  backache. _ -  _  .  ..  - _ _ _ _ 

89 

43 

Orbital  pain _  _ _  ..  ..  --  -  _  . 

74 

25 

.\norexia _ _ _ _ _  .  _  _ _ 

85 

Loss  of  taste ...  _ -  .  _ _ 

55 

Bitter  taste _ _  _  ..  _  _ _ _ _ 

45 

4 

Weakness  (earl v) _ ..  _  _ 

29 

14 

Insomnia _ _ _ _ _ _  .  -  _ _ 

53 

6 

Coryza  (fleeting) ...  _ _ _  _ 

24 

Sore  throat  (mild) _ _ 

12 

3 

Stiff  neck _ _ _  -  _ 

14 

Dizziness  and  nausea . . . . -  . . 

29 

Constipation,  _  _ _  _ _ _  _  _  , 

2 

2 

Pruritus _ 

20 

3 

Photophobia _  .  _ _  _  _ 

5 

Total  number  of  patients . . 

100 

318 

>  Of  those  \»ith  adenopathy;  16  percent  of  the  total  group  (318  cases). 

Source:  (1)  Diasio,  J.  S.,and  Richardson,  F.  M.:  Clinical  Observations  on  Dengue  Fever;  Report  of  I(X)  Cases.  MU. 
Surgeon  94:  363-369,  June  1944.  (2)  Kisner,  P.,  and  Lisansky,  E.  T.:  Analysis  of  an  Epidemic  of  Dengue  Fever.  Ann. 
Int.  .Med.  20:  41-51,  January  1944. 


The  disease  ran  its  course  in  f>  to  10  days  (average  hospital  stay  7V^  to 
9  days)  with  complete  recovery.  In  general,  symptoms  tended  to  abate  with 
the  fever,  but  during  convalescence  some  degree  of  neurasthenia  manifested 
by  muscular  weakness,  lack  of  ambition,  mental  depression,  insomnia,  and 
anorexia  was  almost  invariable.  These  usually  disappeared  in  7  to  14  days, 
but  sometimes  lasted  much  longer.®*  Recurrences  were  rare  and  could  prob¬ 
ably  be  explained  as  re-infections. 

Occasional  complications  of  dengue  were  observed,  including  hemor¬ 
rhagic  nephritis,  trismus  of  the  jaw,  arthritis  of  hip,  suppuration  of  glands, 
persistent  bradycardia,  and  purpuric  manifestations.®^  Urogenital  com¬ 
plications  were  al.so  occasionally  observed.  Dull  testicular  pain  and  im¬ 
potence  Mere  not  infrequent  during  convalescence,  and  the  latter  was 
attributed  to  generalized  weakness.®®  In  one  group  of  141  patients,  8  men 

33  (1)  See  footnotes  29,  p.  72  ;  and  31  (2),  p.  72.  (2)  Hyman,  A.  S. :  The  Heart  in  Dengue ;  Some 
ObNervatiomi  Made  Among  Navy  and  Marine  Combat  Unlta  in  the  South  Pacific.  War  Med.  4 :  497- 
i*01,  November  1943. 

.34  See  footnote  31  (2),  p.  72. 

35  Weyrauch,  H.  M..  and  Gaaa,  H. :  Urogenital  Complications  of  Dengue  Fever.  J.  Urol.  55: 
90-93.  January  194(5. 
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(5.7  pemMit)  hiul  late  involvement  of  the  mo*;enitiil  tract,  including  orchitis, 
with  snhstMpient  atrophy  of  the  testis  ami  rejieated  bloody  seminal  emis¬ 
sions.  Rare  neurological  complications  following  dengue  were  described  by 
Kaplan  and  Lindgren  who  i’e|M)rted  palsy  of  the  facial,  palatine,  long 
thoracic,  nlnar,  i)eroneal,  aiul  sciatic  nerves. 

Dengue  may  be  confust'd  with  nilxdla  because  of  the  ra.sh  and  l)ecause 
of  the  ty|H*  of  cervical  adenopathy  obsm’ved.  Other  diseases  frequently  con- 
sidei*ed  in  differential  diagnosis  included  scarlet  fever,  infectious  mono¬ 
nucleosis,  malaria,  viral  pneumonia,  influen/a,  ami  (K*casionally  meningitis. 
A  knowledge  of  the  epi<lemiology  of  dengue  and  its  clinical  course  was 
helpful  in  early  diagnosis. 

Sutlicient  disci’epancies  in  signs  and  symptoms  e.\isted  in  certain  out¬ 
breaks  of  denguelike  fever  to  <|uestion  the  diagnosis.  In  32  ca.ses  from 
Panama,^'  the  symptoms  and  course  of  the  disease  were  similar  to  dengue 
e.xcept  that  the  typical  rash  was  not  st'en,  bradycardia  did  not  occur,  and 
the  incidence  of  lymphadenopathy  was  low.  Definite  <liagnosis  was  inqws- 
sible  Invause  of  lack  of  laboratory  methods.  Many  of  the  patients  okserved 
in  Okinawa  in  1945  likewise  had  most  of  the  diagno.stic  signs  of  dengue.®* 
The  clinical  picture  presented  by  these  cases  was  remarkably  uniform. 
Specifically  noted  was  the  sudden  onset,  with  chilly  sensations,  rapid  rise 
in  tem|)ei-ature,  headache,  pain  on  movement  of  the  eye,  post  orbital  pain, 
photophobia,  generalized  aching,  |)eriarticular  .soreness,  conjunctivitis, 
lymphadenopathy,  bradycardia,  and  hematological  changes.  However,  it 
was  pointed  out  that  the  short  duration,  relative  infrequency  of  iTcrudescence 
of  fever  and  symptoms,  and  the  absence  of  rash  in  these  patients  were  against 
the  diagnosis  of  dengue.  Later.  Sabin.®®  on  the  basis  of  failure  to  produce 
dengue  in  four  human  volunteei-s  inoculated  with  serum  from  five  of  these 
patients,  suggested  that  this  outbivak  may  have  Ijeen  leptospiral  meningitis. 

The  treatment  of  dengue  was  symptomatic.  Codeine  (Vo  to  1  gr.)  and 
acetylsalicylic  acid  (10  gr.)  usually  sufficed  for  relief  of  pain,^®  and  pheno- 
barbital  (ly^  gr.)  was  employed  for  insomnia  and  restlessness.  Morphine 
was  rarely  required. 


SCIENTIFIC  INVESTIGATIONS 

The  military  importance  of  dengue  l)ecame  evident  early  in  World 
War  11.  As  a  result,  the  Commission  on  Xeurotropic  Virus  Diseases,  Army 
Epidemiological  Board  (Board  for  the  Investigation  and  Control  of  In¬ 
fluenza  and  Other  Epidemic  Diseases  in  the  Army),  became  interested  in 

Kaplan.  and  I.lndfrrcn,  A.  .T.  :  Xoiirolopic  Compl  leaf  ions  Kollowiii!;  PenKUP.  U.S.  Nnv.  M. 
Bull.  4ii :  50<>  510,  Soptombor  1945. 

.17  Soe  footnote  30  (1),  p.  72. 

.18  Sep  footnote  30  (2),  p.  72. 

•19  Sabin.  B. :  Research  on  I)en);iip  Iliirinc  World  War  11.  .Vin.  .1.  Trop.  Med.  1  :  30  ,50.  Janu¬ 
ary  19.52. 

•lo  See  footnote  31  (2),  p.  72. 
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pi’omotinj;  research  in  this  field  with  the  specific  objectives  of  producing 
a  protective  vaccine  and,  if  possible,  of  developing  a  specific  diagnostic  pro¬ 
cedure.  Xeither  of  these  was  available  l)efore  World  War  II,  for  up  to  that 
time  the  virus  had  not  yet  l)een  definitely  propagated  in  animals  or  in 
tissue  culture.  Ijt.  Col.  Albt'rt  H.  Sabin,  MC,  was  the  central  figure  in  the 
series  of  studies  which  provided  jiertinent  key  information.  Detailed  reports 
of  his  findings  are  available  elsewhere.^*  The  following  summarizes  those 
findings  especially  |)ertinent  to  military  medicine: 

1.  Proof  of  the  existence  of  multiple  immunological  types.  Seven  strains 
of  dengue  virus  were  isolated  from  patients  who  contracted  their  illness  in 
Hawaii,  New  Guinea,  and  India.  Serum  obtained  during  the  first  48  hours 
of  the  disease  was  shipped  to  the  United  States  under  refrigeration  and 
inoculated  into  volunteers  who  had  never  resided  in  areas  where  dengue  is 
endemic.  Subsequently,  studies  of  tran.smission  by  mosquitoes  were  con¬ 
ducted  with  .1.  aegypti.  The  existence  of  separate  strains  was  demonstrated 
both  by  studies  of  cross-immunity  and  through  virus  neutralization  tests 
using  immune  serum.  At  least  two  immunologically  distinct  types  of  virus 
were  identified.  It  was  shown  that  the  Hawaiian  strain,  one  of  the  four 
New  Guinea  strains,  and  the  two  Indian  strains  were  identical.  Thus,  two 
separate  strains  were  detected  in  New  Guinea. 

2.  The  long  persistence  of  immunity  to  homologous  types  of  virus.  It 
was  found  that  homologous  immunity  persisted  for  at  least  18  months  under 
conditions  which  precluded  reinforcement  of  immunity  by  subclinical  rein¬ 
fection.  Heterologous  immunity  was  observed  but  persisted  for  only  about 
2  months. 

o.  The  modifications  of  the  clinical  manifestations  of  the  disease  which 
result  from  reinfection  with  a  heterologous  type  of  virus  at  various  periods 
after  the  primary  attack.  It  was  shown  that  a  superimposed  heterologous 
infection  produced  marked  variations  in  the  course  of  the  di.sease  depending 
upon  the  time  whicli  lapsed  from  the  primary  infection.  A  short  febrile 
illness  of  2  days'  duration  with  or  without  rash,  lymphadenopathy,  or  other 
characteristic  manifestations  occurred  under  these  circumstances.  In  these 
experimental  cases,  the  virus,  recovered  from  the  blood  showed  conclusively 
that  the  observed  disease  actually  was  dengue.  This  knowledge  readily 
explained  the  many  cases  reported  of  the  transitory  acute  illnesses  which 
could  not  l)e  specifically  identified,  particularly  from  New  Guinea.  This 
explanation  is  confirmed  further  by  the  fact  that  two  of  the  New  Guinea 
samples  of  serum  from  individuals  with  this  type  of  illne.ss  produced  the 

41  (1)  See  footnotes  2,  i>.  50:  nnd  39,  p.  70.  (2)  Sabin,  .V.  B.,  and  Schlesinger.  U.  W. :  Kx|>eri- 
mentai  Studies  on  Iliiiiian  and  Mouse  Adapted  Itenfriie  Virus.  I*ai>er  presented  at  joint  meeting  of 
American  Soclet.v  for  Experimental  I’atliolos.v  and  .American  Assoeiation  of  Immunologists,  Atlantic 
City,  N.,I.,  1.3  Mar.  194*i.  <3)  I.etter.  Maj.  Albert  B.  Sabin,  MC,  to  Preventive  Medicine  Service,  nffice 

of  the  Surgeon  (Jeneral.  3  Aug.  1944,  subject :  Isolation  of  Several  Strains  of  Dengue  Virus  From 
Serum  of  Patients  W'itli  Various  Types  of  Fevers  in  New  Guinea.  (4)  Sabin,  A.  B.,  and  Schleslnger, 
R.  W.  ;  Production  of  Immunity  to  Dengue  With  Virus  Modified  by  Propagation  in  Mice.  Science  101  : 
040  042.  22  .lune  1945. 
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classical  picture  of  dengue  wlien  incKuilated  into  noniinmune  volunteers  in 
the  Tnited  States. 

4.  The  demonstration  that  ty|H‘-s|)eciK<'  iininunity  to  dengue  is  asso¬ 
ciated  with  neutralizing  antil)o<lies  for  the  virus.  It  was  shown  that  the 
demonstnition  of  neutralizing  antilMMlies  can  l)e  employed  for  diagnostic  and 
epidemiological  survey  purposes.  They  should  prove  to  be  of  great  value 
in  the  future. 

.■).  The  propagation  of  tlengue  virus  in  mice.  Sabin  tinally  succeeded  in 
propagating  the  virus  in  mice.  In  the  coui’se  of  a  number  of  passages,  the 
virus  underwent  a  mutation  since  it  lo.st  its  capacity  to  produce  severe  ill¬ 
ness  in  man  but  retained  its  capacity  to  produce  a  rash.  A  mousebrain 
e.xtract  of  this  moditied  virus  was  found  to  afford  complete  protection  against 
the  naturally  acquired  disease.  A  single  mousebrain  was  shown  to  contain 
at  least  immunizing  iloses  which  le<l  to  the  preparation  of  an  effec¬ 

tive  lyophilized  vaccine.  Unfortunately,  large-scale  field  trials  were  not 
undertaken  l)ecause  the  opportunities  for  testing  the  vaccine  ceased  with 
the  ending  of  the  war. 

6.  Investigations  of  dengue,  (“onducted  by  Colonel  Sabin  in  Panama, 
showed  clearly  that  dengue  has  occurred  there  since  1941  and  suggested  that 
the  interior  of  Panama  may  l>e  an  endemic  focus  of  the  disease. 

In  conclusion,  it  should  l>e  iwinted  out  that  the  history  of  dengue  dur¬ 
ing  Worhl  War  II  reflects  great  credit  on  the  U.S.  Army  Medical  Depart¬ 
ment.  Like  some  other  virus  diseases,  dengue  was  promoted  to  the  category 
of  an  illness  diagnosable  by  lalmratory  means  and  preventable. 


CHAPTER  IV 


Neurotropic  Virus  Diseases 

John  R.  Fault  M.D. 

The  group  of  diseases  designated  as  neurotropic  virus  diseases  in  this 
chapter  has  been  selected,  for  practical  reasons,  on  a  somewhat  arbitrary 
basis.  They  include  acute  infections  with  the  viruses  that  cause  the  arthro- 
podborne  virus  encephalitides :  poliomyelitis,  rabies,  and  lymphocytic  chorio¬ 
meningitis.  It  is  with  some  aspects  of  the  clinical  and  epidemiological  story 
of  these  virus  infections,  as  they  occurred  in  military  personnel  in  World 
War  II,  that  this  chapter  is  concerned. 

Numerically  speaking,  the  recognized  military  cases  of  neurotropic  virus 
infections  have  been  insignificant,  but  from  other  standpoints  these  disease,  i 
have  proved  to  be  of  some  military  importance.  In  the  first  place,  any 
virus  disease  that  attacks  the  central  nervous  system  easily  acquires  a  bad 
reputation.  Furthermore,  as  a  group,  the  mortality  is  apt  to  be  high  and 
the  stigma  of  injured  brain  function  accompanies  them.  In  the  case  of 
poliomyelitis,  not  only  does  this  disease  carry  a  more  serious  prognosis 
when  it  occurs  ir  young  adults  (of  military  age)  than  in  children,  but  when 
a  permanent  Army  post  is  involved,  this  disease  presents  a  threat  to  de¬ 
pendents  who  may  happen  to  be  living  within  the  epidemic  area.  And 
finally,  as  far  as  the  arthropodborne  virus  encephalitides  are  concerned,  any 
mosquitoborne  disease  is  of  military  significance. 

Early  in  World  War  II,  the  Medical  Department  of  the  U.S.  Army  rec¬ 
ognized  that  this  relatively  new  group  of  diseases  might  pose  a  number  of 
problems,  and  to  forestall  them.  Circular  Letter  No.  74  was  issued  on  this 
subject  by  the  Surgeon  General’s  Office  on  19  March  1943.  This  circular  was 
followed  by  War  Department  Technical  Bulletin  (TB  MED)  212,  issued 
16  January  1946.  The  bulletin  reviewed  information  bearing  on  the  com¬ 
mon  neurotropic  virus  diseases  of  man,  including  classification  and  diag¬ 
nostic  features.  In  addition,  the  bulletin  described  the  circumstances  imder 
which  the  then  available  diagnostic  procedures  could  be  profitably  utilized. 

THE  ARTHROPODBORNE  VIRJS  ENCEPHALITIDES 

The  arthropodborne  virus  diseases  comprise  a  group  whose  membership 
has  expanded  greatly  since  the  war,  but  even  in  1941  the  recognized  mem¬ 
bers  were  eastern  and  western  types  of  equine  encephalomyelitis,  St.  Louis 
encephalitis,  Japanese  B  encephalitis,  and  Venezuelan  encephalitis.  Others 
of  less  importance  to  U.S.  Forces  included  Russian  spring-summer  encepha- 
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litis  (ami  other  tyiH*s  from  Kussia  ami  Sil>eria),  some  tvjH's  from  Africa, 
ami  lou{)iii^  ill  from  Enjjlaml.  These  will  not  l)e  consideml  here. 

The  mimi>er  of  military  cast‘s  of  this  «rrou|)  of  diseases  which  occurred 
in  AVorhl  War  II  turnetl  out  to  la*  few  indeetl.  hut  lH*sides  the  reasons  already 
given  that  these  few  cast*s  deserve  attention  here  is  that  rest*arch  initiated 
and  promoted  by  the  Preventive  Meilicine  Pivision,  Office  of  the  Surgt'on 
(leneral,  and  the  Army  Epidemiological  Hoard  (Hoard  for  the  Investigation 
and  ('ontrol  of  Influenza  and  Other  Epidemic  l)ist*ases  in  the  Army),  con¬ 
tributed  materially  to  the  addition  of  knowletlge  alanU  these  important  in¬ 
fections  during  World  War  II. 

Military  History  Prior  to  World  War  II 

In  view  of  the  fact  that  no  memU*r  of  this  group  of  arthro|aMllM)rne 
virus  encephaliti<les  had  l)een  discoveretl,  nor  had  the  diseases  which  they 
cause  l)een  recognized  as  such  prior  to  the  llKlO's.  there  is  nothing  al)out 
them  in  the  medical  history  of  World  War  I;  nor  had  there  been  in  the 
post-World  War  I  j)eriod  any  ex|)erience  by  the  Armed  Forces  with  the.se 
agents  or  with  the  disea.ses  they  cause.  If  cases  of  this  group  of  illnesses 
had  <M‘curred  and  attracted  attention  in  1917-18.  they  would  probably  have 
lK*en  listed  umler  the  mi.scellaneous  group  of  ‘‘encephalitis,  type  undeter¬ 
mined’'  oi-  |)erhaps  as  "epidemic  encephalitis.”  During  the  last  year  of 
World  War  I  and  the  years  immediately  following,  ♦’.c  type  of  encephalitis 
most  fre<iuently  encountered  in  military  populations  was  encephalitis  lethar- 
gica.  otherwi.se  known  as  Von  Econoino’s  disease.  The  i-ecords  from  World 
War  I  show  80  admissions,  and  at  least  79  secondary  cases  of  encephalitis, 
reported  for  the  perio<l  from  1  April  1917  to  .‘U  l)eceinlK*r  1919  in  the  totfil 
T'.S.  .Vrmy  of  appro.ximately  4  million.^  In  this  group,  27  deaths  wcnrred, 
giving  a  cast*  fatality  ratio  of  alnnit  17  i)ercent.  The  chances  that  a  large 
pen'entage  of  these  cases  were  examples  of  encephalitis  lethargica  are  good. 
However,  as  the  etiological  agent  of  (hat  tlisease  was  ?iever  e.stablished.  one 
cannot  speak  with  any  confidence  (hat  it  was  actually  a  virus  disease  and 
therefore  deserves  discussion  here.  Furthermore  and  fortunately,  the  inci¬ 
dence  of  encephalitis  lethargica  began  to  decline  in  the  midtwenties,  both  in 
(he  I  nited  States  and  in  Euro|)e.  Hy  19,‘U).  to  all  intents  and  pur|K)ses, 
classical  cases  of  this  disease  had  disappeared,  so  for  the  pi-esent  at  least,  we 
need  not  pursue  the  discussion  almut  it  further,  except  to  i>oint  out  that 
other  new  types  of  encephalitis  were  soon  to  supplant  Von  Economo's  disease. 

It  w  as  during  the  19110  s  that  (he  ar(hro])odl)orne  virus  encephalitides 
came  under  scnitiny,  the  first  recognition  of  any  member  of  the  group  l)eing 
that  of  the  virus  of  we.stern  equine  encephalomyelitis,  isolated  with  some 
tlifficulty.  from  a  sick  horse  in  California  in  19.‘ll  by  Dr.  Karl  F.  Meyer  of  the 
University  of  California.  San  Francisco.  Later.  Dr.  Carl  Tenllroeck.  of  the 

>  Th**  Mp<li<'nl  I>o|>nrtmciit  of  thr  I'nitod  Sfntox  .\rmy  in  tli*>  World  War.  W.'iNliiiieton  ;  Oovoni- 
mont  I’rlntinK  192.">.  vol.  XV,  pt.  2.  pp.  !M>  i:{H.  Ci.-d’i. 
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Kot'kefeUer  Institute  of  Medical  Reseairli  at  Princeton,  N.J.,  found  that 
strains  of  the  e<inine  encephalomyelitis  viruses  could  be  separated  into  eastern 
ami  western  tyjH's.  'I’he  “disease’’  for  which  these  viruses  were  responsible 
was  regarded  at  that  time  primarily,  if  not  entirely,  as  one  of  hoi-ses.  A 
manifest  interest  by  the  Army  in  this  matter  accompanied  the  report  in  1934 
by  Lt.  ('ol,  (later  Bri«;.  (len.)  Raymond  A.  Kelser,  VC,  that  these  viruses 
couhl  be  transmitted  from  horse  to  horse  by  certain  species  of  mosquitoes. 

A  second  chajiter  in  the  story  was  written  when  it  was  found  that  this 
type  of  illness  affected  man.  In  1933,  a  severe  outbreak  of  liuman  encephalitis 
occurred  in  and  about  the  city  of  St.  Ijouis,  Mo.  More  than  l,fM)0  human 
cases  were  reported  with  about  an  18  [lercent  mortality.  The  virus  of  St.  Louis 
encephalitis  was  isolated  in  this  epidemic  more  or  less  coincidentally  by  Drs. 
Ralph  S.  Muckenfuss  and  L.  T.  Webster.  Although  sick  horses  received  little 
notice  during  this  epidemic,  some  of  the  investigators,  including  Maj.  (later 
Brig.  Gen.)  James  S.  Simmons,  MC,  thought  that  St.  I^ouis  encephalitis 
might  be  related  to  one  of  the  equine  encephalitides  and  attempted  to  infect 
horses  with  the  St.  Louis  virus.  The  assumption  was  correct,  and  the  failure 
to  substantiate  it  experimentally  at  that  time  might  have  been  due  to  the  fact 
that  the  horses  used  were  from  the  St.  Louis  area  and  they  could  well  have 
been  immune  to  the  diseast\ 

It  was  also  at  about  this  time  (1933-34)  that  U.S.  investigators  began 
seriously  to  compare  the  St.  Louis  epidemic  with  the  existing  situation  in 
Japan  where  endemic  enceplialitis  had  appeared  in  parts  of  the  home  islands 
almost  every  summer  since  1871.  In  1924,  there  had  been  a  particularly  bad 
epidemic,  and  clinical  studies  had  made  it  possible  for  the  Japanese  to  distin¬ 
guish  their  diseases  from  epidemic  encephalitis  of  the  so-called  A  type  (Von 
Economo’s  disease).  For  this  reason.  Japanese  epidemic  encephalitis  has 
been  termed  type  B  encei)halitis.  The  epidemic  of  1924  had  spread  through 
a  wide  area  resulting  in  a  heavy  mortality  among  6,000  reported  cases. 
During  the  period  from  1924  to  1937,  outbreaks  occurred  almost  every  summer 
in  Japan,  residting  in  a  total  of  some  21,000  reported  cases  for  that  period 
with  the  heaviest  concentration  of  cases  occurring  in  the  region  of  the  Inland 
Sea.  Similar  recurrent  appearances  of  summer  or  autumn  encephalitis  w’ere 
known  to  have  been  reported  from  the  Ryukyu  Islands,  as  w'ell  as  from 
Formosa,  Manchuria,  aud  the  far  eastern  maritime  districts  of  Soviet  Russia. 
Opinion  in  Japan  was  divided  as  to  the  means  of  spread,  aud  by  1938.  al¬ 
though  one  group  had  suspected  that  it  was  mosquitoborne,  the  balance  of 
Japanese  medical  opinion  held  to  the  view  that  it  was  spread  from  the  res¬ 
piratory  tract. 

By  1938-39,  relations  between  Japanese  medical  science  and  that  of  the 
United  States  could  hardly  be  described  as  close  and  shortly  thereafter  ceased 
altogether.  Consequently,  the  up-to-date  story  on  current  Japanese  views  as 
to  how  their  type  of  encephalitis  was  transmitted  and  just  where  this  disease 
could  be  expected  to  appear  was  not  readily  available  to  medical  intelligence 
officers  during  the  war  years. 
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The  next  developnient  in  tins  story  to«)k  plin-e  in  the  I’nited  States  in 
19.38,  with  the  appearance  in  Massachusetts,  Kluule  Island,  and  Connecticut 
of  a  less  extensive  outbreak  of  acute  encephalitis  involving  l)oth  man  and 
horses.  The  causative  virus  was  identitied  as  eastern  equine  encephalomyelitis 
virus.  It  also  became  apparent  that  here  was  a  group  of  diseases  that  not 
only  infected  lK)th  man  and  horses,  but  |H‘rhaps  other  animals.  More  or  less 
coincidentally,  the  discovery  in  1937  of  the  spring-summer  type  of  encepha¬ 
litis  in  the  forested,  far  eastern  regions  of  the  U.S.S.K.  and  the  demonstration 
that  it  was  caused  by  a  new  virus  which  was  tickljorne.  all  indicated  the  exist¬ 
ence  of  a  large  group  of  related  agents  exti-emely  widespivad  geographically 
and  with  a  variegated  group  of  insetds  (arthropods)  as  vectors  and  several 
mammalian  hosts.  To  this  group  were  soon  added  other  strains  of  virus  from 
South  America  (notably  Venezuelan  encejduilitis).  and  subsequently  several 
from  Africa. 

Early  in  the  194()*s.  information  about  these  diseases  was  accumulating 
at  a  rather  rapid  rate,  although  much  of  it  was  still  theory.  Birds  had  l)een 
found  to  be  infected,  which  made  the  epidemiological  picture  still  more  com- 
pli(‘ated.  Eventually,  the  epidemiology’  of  some  of  this  group  of  diseases,  as 
they  occurred  in  the  Imited  States,  was  worked  out  largely  through  the  efforts 
of  Dr.  William  McD.  Hammon  at  the  University  of  California,  San  Francisco. 
From  his  work,  the  concept  gradually  emerged  that,  in  this  country  at  least, 
this  group  of  infections,  many  of  which  were  inapparent,  was  primarily  one 
of  birds  and  that  the  severe  infections  in  man,  horses,  and  otlier  animals  were 
what  might  be  called  casual,  though  spectacular,  accidents.  Apparently,  the 
.avian  infection  could  be  very  widespread  numerically  but  was  mild,  causing 
little  more  than  a  viremia  in  certain  inemWi’s  of  the  avian  family.  It  was 
transmitted  to  various  species  of  both  birds  and  mammals  usually  through 
the  agency  of  Culcx  mosquitoes. 

'rhis  then  was  the  background  in  1941  with  regard  to  the  “new”  neuro- 
tropic  virus  infections  with  which  the  U.S.  Army  might  l)e  confronted  if  it 
should  engage  in  global  combat.  The  threat  was  appreciable  in  that  any  mos- 
quitoborne  disease  recalled  the  destructive  effect  which  malaria,  yellow  fever, 
or  dengue  had  had  upon  troops  in  the  field  in  the  ])ast.  Iti  addition,  a  num¬ 
ber  of  potential  theaters  of  war,  such  as  Japan,  Manchuria,  and  elsewhere, 
were  listed  as  endemic  or  epidemic  areas  and  might  possibly  turn  out  to  lie 
hotlieds  of  infection  by  one  of  the  woi'st  members  of  the  group,  Japanese  B 
encephalitis.  These  potentialities  were  further  emphasized  by  an  epidemic  of 
western  eipiine  enceiihalomyelitis  which  swept  over  a  large  section  of  Western 
Canada  and  many  areas  in  the  Western  United  States,  including  the  Dakotas. 
Montana,  and  Colorado  in  the  summer  of  1941.  Thousands  of  civilian  cases 
occurred,  although  the  number  of  U.S.  Army  jiersonnel  involved  in  this  epi¬ 
demic  was  insignificant.  However,  in  Canada  where  it  was  estimated  that 
there  were  move  than  .5,000  cases,  mostly  in  Saskatchewan  and  Manitoba,  the 
epidemic  had  also  involved  certain  training  areas  where  Canadian  troops  weiv 
stationed,  and  during  the  summer  of  1941.  a  number  of  cases  occurred  in  the 
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Canadian  Army.-  It  hardly  could  be  questioned  in  the  autumn  of  1941  that 
here  was  a  new  disease  of  potential  military  importance  to  U.S.  troops. 

Diagnosis. — It  is  important  to  mention  here  that  not  only  in  1917-18  but 
in  the  subsequent  25  years  the  clinical  diagnosis  of  encephalitis  proved  to  be 
a  loose  one  indeed,  covering  a  number  of  different  entities.  In  another  vol¬ 
ume  in  the  history  of  the  Medical  Department  in  World  AVar  II,  Sabin 
states :  * 

Clinical  records  from  civilian  as  well  as  military  metlical  practice  indicate  that  the 
diagnosis  of  encephalitis  is  commonly  made  whenever  clinical  manifestations  suggestive 
of  cerebral  disturbance  (ranging  from  mild  lethargy  to  coma,  from  slight  delirium  to 
complete  disorientation,  from  restlessness  to  convulsions)  are  associated  with  an  other¬ 
wise  undiagno.sable  febrile  illness.  The  diagnosis  is  not  infrequently  made  when  the  syn¬ 
drome  of  aseptic  meningitis  is  associated  with  what  may  be  interpretetl  as  lethargy  or 
unusual  restlessness.  It  is  matle  not  only  when  the  cerebral  distuibance  is  associated 
with  pleocytosis,  but  also  in  its  absence,  and  indeed  not  infrequently  when  toxic  enceph¬ 
alopathy  is  associated  with  certain  bacterial  infections. 

In  the  period  1941—46,  and  subsequently,  the  exact  method  of  making  a 
diagnosis  of  this  group  of  virus  diseases  was  by  immunological  and  virologi- 
cal  tests.  Some  of  these  became  available  during  and  immediately  prior  to 
AVorld  AVur  II.  However,  the  utilization  of  these  tests,  which  included  neu¬ 
tralization  or  complement  fixation  tests  on  matched  specimens  of  sera,  was 
more  or  le.ss  in  its  infancy  and  hardly  more  than  half  a  dozen  laboratories  in 
the  United  States  capable  of  carrying  them  out."* 

Experience  During  Al^orld  War  II 

Alost,  although  not  all,  of  the  apprehension  about  arthropodborne  virus 
encephalitides  proved  to  be  unnecessary,  for  when  the  Second  AVorld  AA’'ar  was 
over  the  incidence  of  these  infections  in  military  personnel  turned  out  to  be 
small.  There  were  no  large  wartime  epidemics  in  the  United  States  involving 
the  civilian  population  compared  to  those  at  St.  Louis  in  1933  and  in  the 
Northwest  in  1941. 

The  final  experience  in  AVorld  War  II  with  these  diseases  both  as  to 
number  of  recognized  cases,  incidence  rates,  and  deaths  ascribed  to  encepha¬ 
litis  is  listed  in  tables  10  and  11.  It  is  clear  that  the  figures  suffer  somewhat 
from  the  inaccuracies  of  diagnoses  which  are  apt  to  beset  all  figures  on  the 
incidence  of  the  encephalitides,  infectious  or  otherwise.  As  just  mentioned, 
Sabin  has  pointed  out  that  the  clinical  diagnosis  of  any  kind  of  encephalitis 

-  Ki‘|>ort.  Comini.ssion  on  Xenrotropic  Virus  Diseasos,  Board  for  the  Investigation  and  Control  of 
Innuenza  and  Other  Epidemic  Diseases  in  the  Army,  1  Dec.  1941-1  May  1942. 

Sabin.  Albert  B.  :  Encephaiitis.  In  Medicni  Department,  United  States  Army.  Preventive  Medi¬ 
cine  in  World  War  II.  Volume  VII.  Communicable  Diseases:  Arthropodborne  Diseases  Other  Than 
Malaria.  [In  preparation.] 

Better  known  laboratories  readily  available  to  the  Medical  Department  of  the  U.S.  Army  for  the 
diagnostic  purpose  of  these  diseases,  in  1941-43.  included  that  of  the  -Army  Medical  School,  Washing¬ 
ton,  D.C.,  the  G.  W.  Hooper  Foundation  of  the  University  of  California  in  San  Francisco,  the  Rocke¬ 
feller  Institute  for  Medical  Research  in  New  York  Clt.v  (both  of  which  facilities  were  made  available 
through  the  Commission  on  Xenrotropic  Virus  Diseases  of  the  Army  Epidemiological  Board),  and  a 
few  other  laboratories,  also  connected  with  the  -Army  through  that  Board. 
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without  the  assistance  of  serological  tests  is  notoriously  difficult.  In  view  of  the 
fact  that  such  immunological  tests  were  not  available  in  many  of  the  cases 
occurring  in  military  pei-sonnel  during  wartime,  the  data  in  tables  10  and  11 
must  1h>  regarded  as  being  approximate  rather  than  definitive.  It  should  be 
noted,  however,  that  the  rates  for  infectious  encephalitis  were  higher  in  1914 
and  1945  in  the  Pacific  than  in  Europe.  This  is  wlnit  .should  have  been  ex¬ 
pected  because,  except  for  the  presence  of  tickborne  Russian  spring-summer 
encephalitis  in  Czechoslovakia  and  in  eastern  Austria,  the  arthropodborne 
encephalitides  as  they  are  now  known  to  occur  in  man  are  almost  entirely 
absent  from  Europe. 

Table  10. — Admissions  for  encephalitis  in  the  U.S.  Army,  by  diagnosis,  selected  area,  and 

year,  1942-45 


[Preliminary  data  based  on  sample  tabulations  of  individual  medical  records] 
[Rate  expressed  as  number  of  admissions  per  annum  per  1,000  average  strength] 


Diagnosis  and  area 

1942-45 

1942 

1943 

1944 

1945 

Number 

Kate 

Number 

Rate 

Number 

Rate 

Number 

Rate 

Number 

Rate 

Infectious  encephalitis: ' 

Continental  United  States . 

187 

0.01 

44 

65 

0.01 

43 

0.01 

35 

Overseas: 

Europe . 

(72) 

0.02 

(1) 

0.01 

(6) 

(20) 

0.01 

Pacific . 

(107) 

.03 

(1) 

.00 

(5) 

(41) 

.04 

Total  overseas . 

247 

0  02 

4 

0.01 

14 

0.01 

94 

C.02 

135 

0.03 

Total  Army . 

434 

0.02 

48 

0.01 

79 

0.01 

137 

0.02 

170 

0.02 

Postvaccinal  encephalitis:  ’ 

Continental  United  States . 

(3) 

(») 

(’) 

(’) 

(’) 

(>) 

1 

0.00 

■yUm 

Overseas: 

(’) 

(’) 

(’) 

(’) 

(’) 

(’) 

0 

Pacific . 

U) 

(’) 

(’) 

(>) 

(’) 

(’) 

(6) 

.01 

(5) 

Total  overseas . 

(’) 

(’) 

(>) 

(’) 

(») 

(’) 

6 

10 

Total  .\rmy . 

(’) 

(’) 

(>) 

(») 

(’) 

(’) 

■ 

0.00 

10 

Encephalitis,  other  and  undeter- 

mined:  * 

Continental  United  States . . 

953 

0.06 

355 

0.07 

211 

0.05 

115 

HQ 

Overseas: 

Eurotx' . 

(89) 

0.02 

(9) 

0.11 

(10) 

0.04 

(20) 

0.01 

(.50) 

■ifjj 

Pacific . . 

(138) 

.04 

(7) 

.03 

(17) 

.04 

(19) 

.02 

(95) 

.07 

Total  overseas . 

394 

0.04 

26 

B 

101 

0.06 

97 

0.03 

170 

IB 

Total  .Army . 

1,347 

0.05 

298 

0.09 

308 

285 

0.04 

>  Includes  infectious  encephalomyelitis  and  Japanese  B  type  cnccphaUtls  as  well  as  other  types  of  infectious  enceph¬ 
alitis.  Excludes  lymphocytic  choriomeningitis. 

>  Includes  postvaccinal  encephalomyelitis. 

>  Data  are  not  available. 

•  Includes  encephalomyelitis,  other  and  undeterralncd.  Excludes  lymphocytic  choriomeningitis. 

Note.— Figures  in  parentheses  are  subtotals. 
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Tablk  II. — Deaths  due  to  encephalitis  in  the  II. S.  Army,  by  diagnosis,  selected  area  of  admis 

sion,  and  year  of  death,  }94tS-4a 


[Preliminary  data  based  on  tabulations  of  individual  medical  records] 
[Kate  expressed  as  number  of  deaths  per  annum  per  100,000  average  strengtii] 


Diagnosis  and  area 

1942~».'> 

1942 

1943 

1944 

1945 

Number 

Hate 

Numht'r 

Rate 

Number 

RaU' 

Number 

Rate 

Number 

Rate 

Infectious  encephalitis;  > 

Continental  United  States . 

9 

0.0« 

2 

0.08 

2 

0.04 

3 

0.08 

2 

0.07 

Overseas: 

Europe .  . 

(0 

0.09 

0 

0 

(1) 

0.06 

(3) 

0. 13 

(31 

.  10 

0 

0 

(2) 

.20 

(1) 

.07 

Tota’  overseas . . 

12 

0.11 

1 

0. 17 

6 

0.16 

5 

0.11 

Total  Army . 

21 

0.08 

3 

2 

0.03 

9 

0.12 

7 

E 

Postvaccinal  encephalitis;  * 

. 

Total  .\rmv . 

m 

(U 

(*) 

(») 

(J) 

(0 

0 

0 

Encephalitis,  other  and  undetermined:  < 

m 

Continental  United  States . 

57 

0.39 

7 

m 

23 

0.58 

7 

0.24 

Overseas: 

(15) 

0.34 

0 

(1) 

0.37 

(4) 

0. 42 

Pacific . 

(19) 

.61 

(2) 

.90 

(1) 

.21 

(3) 

(13) 

.92 

Total  overseas . 

55 

,  . 

0.51 

0.34 

15 

0.39 

27 

0.58 

Total  Army . 

112 

0.44 

9 

31 

0.45 

38 

0.49 

34 

0.45 

‘  Includes  Infectious  encephalomyelitis  and  Japanese  B  type  encephalitis  as  well  as  other  types  of  infectious  enceph¬ 
alitis.  Excludes  lymphocytic  choriomeningitis. 

>  Includes  postvatxinal  encephalomyelitis. 

’  Data  are  not  available. 

*  Includes  encephalomyelitis,  other  and  undetermined.  Excludes  lymphocytic  choriomeningitis. 

Note.— Figures  in  parentheses  are  subtotals. 


No  sizable  epidemic  due  to  one  of  the  known  encephalitic  viruses  was 
ever  recorded  in  U.S.  Forces  stationed  within  the  United  States  during  the 
period  1942-45,  However,  a  possible  outbreak,  of  which  the  agent  was  never 
identified,  occurred  during  the  summer  of  1941,  when  12  mild  cases  of  en¬ 
cephalitis  developed  in  a  force  of  unknown  size  maneuvering  near  Sabinal, 
Tex.'*  Sporadic  cases  of  proved  arthropodborne  virus  encephalitides  occurred 
in  western  training  areas  during  1942^5,  but  the  incidence  never  reached 
anything  comparable  to  that  experienced  by  the  Canadian  troops  in  Manitoba 
in  1941.  Clinical  descriptions  of  these  sporadic  cases  in  U.S.  troops  appar¬ 
ently  did  not  differ  from  the  usual  textbook  descriptions,  and  no  unusual  find¬ 
ings  are  known  to  the  author. 

Outside  the  confines  of  the  United  States,  a  single  case  due  to  one  of  the 
exotic  South  American  types  of  the  neurotropic  viruses  was  recorded  of  a 

5  Woodland,  J.  C.,  and  Smith,  E.  M. :  Acute  Encepbalitla ;  Mild  Epidemic  Observed  at  Station 
Hospital,  Fort  Sam  Houston,  Texas.  J.A.M..A.  120:  358-381,  3  Oct.  1942. 
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U.S.  Xavy  seaman  in  Trinidad  in  1943.  It  prov’ed  to  be  due  to  the  virus  of 
Venezuelan  equine  encephalitis.® 

By  far  the  most  important  group  of  cases,  however,  Avhich  occurred 
during  the  Second  World  War  took  place  in  an  oversea  theater.  This  was  the 
small  but  important  outbreak  identified  as  Japanese  B  encephalitis  which 
involved  both  natives  and  troops  on  the  island  of  Okinawa  in  the  summer 
of  1945. 

In  the  spring  of  1945  and  at  the  time  of  the  occupation  of  islands  north 
and  northwest  of  Guam,  the  IMedical  Department  recognized  that  U.S.  troops 
were  entering  territory  where  Japanese  B  encephalitis  might  be  endemic.  For 
this  reason,  knowledge  of  the  disease  Avas  summarized  for  use  by  medical 
officers  in  War  Department  Technical  Bulletin  (TB  MED)  181,  July  1945. 
Japanese  B  encephalitis  had  been  previously  reported  as  recurring  not  only 
in  Japan  proper  but  in  the  Ryukyu  Islands,  Formosa,  Korea,  eastern  China, 
in  certain  of  the  far  eastern  maritime  districts  of  the  U.S.S.R.,  and  in  Man¬ 
churia.  However,  it  Avas  uncertain  Avhether  the  Japanese  B  virus  Avas  the 
sole  etiological  agent  of  encephalitis  within  all  these  areas. 

The  epidemic  occurred  during  a  combat  period  on  the  island  of  OkinaAva 
and  lias  been  AAell  described  by  Sabin,^  so  that  his  account  need  not  be  re¬ 
peated  here.  It  may  suffice  to  say  that  the  occupation  of  OkinaAva,  I'epre- 
senting,  as  it  did,  a  very  strategic  area,  had  been  achieved  in  April  1945,  and 
during  the  entire  spring  and  early  summer  months,  fighting  continued  spo¬ 
radically  on  the  island.  Encephalitis  first  appeared  among  the  native  popu¬ 
lation  early  in  July.  The  first  native  patients  with  severe  encephalitis  ob¬ 
served  by  American  medical  officers  in  the  Ryukyus  Avere  seen  by  Lt.  L.  M. 
Miller,  MC,  USNR  (of  the  local  military  government)  on  8  July  1945  on 
Heanza  Shima,  a  small  island  about  2  miles  east  of  Okinawa.  During  the 
following  3  months,  127  patients  were  seen  by  military  government  medical 
facilities  on  the  two  islands;  66  of  the  91  patients  found  on  Okinawa  were 
admitted  to  the  isolation  hospital  for  observation  and  treatment.  The  etio¬ 
logical  agent  of  the  disease  was  first  established  by  the  results  of  complement 
fixation  and  neutralization  tests  and  by  recoveiy  of  the  virus  from  a  fatal  case. 

Two  groups  of  Avorkers  participated  in  these  identifications.  The  civilian 
cases  Avere  first  identified  by  Hodes,  Thomas,  and  Peck,®  of  the  Naval  Medical 
Research  Unit  No.  2,  then  established  on  the  island  of  Guam,  and  subsequently, 
military  cases  were  identified  by  Lt.  Col.  Albert  B.  Sabin,  MC,®  member  of 
the  Commission  on  Neurotropic  Virus  Diseases,  Army  Epidemiological  Board. 
This  achievement  by  American  medical  officers  in  recognizing  clinically  and. 


6  Randall,  R.,  and  Mills,  J.  W. :  Fatal  Encephalitis  in  Man  Due  To  Venezuelan  Virus  of  Equine 
Encephalomyelitis  in  Trinidad.  Science  99 :  225-226,  17  Mar.  1944. 

T  (1)  Sahin,  A.  B. :  Epidemic  Encephalitis  in  Military  Personnel;  Isolation  of  Japanese  B  Virus 
on  Okinawa  in  1945 ;  Serologic  Diagnosis,  Clinical  Manifestations,  Epidemiologic  Aspects  and  Use  of 
Mouse  Brain  Vaccine.  J.A.M.A.  133:  281-293,  1  Feb.  1947.  (2)  See  footnote  3,  p.  8.3. 

8  Hodes,  H.  L.,  Thomas,  L.,  and  Peck,  J.  D. :  Cause  of  an  Outbreak  of  Encephalitis  Established  by 
Means  of  Complement-Fixation  Tests.  Proc.  Soc.  Ezper.  Biol.  &  Med.  60 :  220-225,  November  1945. 

9  Sabin,  A.  B. :  Outbreak  of  Encephalitis  on  Okinawa  in  1945 ;  Preliminary  Report  on  Status  as 
of  .August  27,  1945.  J.  MU.  Med.  in  Pacific  1 :  79-84,  November  1945. 
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subsequently,  in  identifying  the  etiologj’  of  Japanese  B  encephalitis  was  ac¬ 
complished  under  arduous  combat  conditions  and  was  indeed  a  noteworthy 
event,  both  in  military  medicine  and  in  the  history  of  this  disease  in  general. 
At  the  time  the  disease  was  discovered,  the  island  was  the  most  important 
advanced  base  in  the  Pacific  area.  Large  forces  of  U.S.  troops  were  already 
assembled  for  the  projected  invasion  of  the  home  islands  of  Japan  scheduled 
for  the  autumn.  It  was  reasonable  to  assume  that  these  troops  were  and 
■would  be  susceptible  to  neurotropic  virus  disease  to  which  they  had  never 
been  previously  exposed,  and  the  danger  of  an  epidemic  was  therefore  a  mat¬ 
ter  of  great  concern  to  the  Medical  Departments  of  the  Army  and  the  Navy. 
The  news  of  the  epidemic  of  “a  dread  Japanese  brain  disease*’  on  Okinawa 
had  also  spread  among  the  troops  with  demoralizing  effect. 

It  is  hard  today  to  appreciate  the  difficulties  which  confronted  medical 
officers  at  that  time,  but  the  story  of  these  difficulties  has  been  well  documented 
by  Lt.  Col.  William  I).  Tigertt,  MC.  and  Dr.  Hammon.^®  They  pointed  out 
that  in  1915,  available  information  about  the  presence  of  the  disease  on  Oki¬ 
nawa  was  meager.  Although  Japanese  B  encephalitis  had  been  stated  to 
occur  on  Okinawa,  the  figures  were  difficult  to  assess  since  cases  of  epidemic 
cerebrospinal  meningitis,  encephalitis  lethargica,  and  malaria  with  cerebral 
symptoms  were  also  reported,  usually  with  the  diagnosis  made  on  clinical 
grounds.  Furthermore,  relatively  few  Japanese  physicians  had  practiced  on 
the  island  of  Okinawa  before  World  War  II,  and  public  health  reports  were 
fragmentary  and  incomplete  there.  Only  later  did  it  become  known  that 
limura  had  reported  68  cases  of  Japanese  B  encephalitis  on  Okinawa  in  1933 
(cited  by  Tigertt  and  Ilarnmon)  and  that,  in  1937,  Takagi  and  others  (cited 
by  Tigertt  and  Hammon)  had  shown  that  most  of  the  human  sera  collected 
on  Okinawa  contained  neutralizing  antibodies. 

Mosher  has  described  how  the  situation  was  handled  on  Okinawa  in 
July  and  August  1945.  The  investigation  of  encephalitis  was  assigned  to  the 
Military  Government  Research  Center,  and  on  18  July  1945,  an  isolation  hos¬ 
pital  for  the  study  of  the  disease  w'as  opened  at  Gimbaini.  By  direction  of 
the  commandant  of  the  U.S.  Military  Government,  all  native  patients  with 
cerebrospinal  symptoms  suggestive  of  encephalitis  were  referred  to  the  re¬ 
search  center  from  all  parts  of  the  island  by  field  dispensaries,  hospitals,  and 
other  medical  units  established  to  care  for  the  natives.  Dispensary  personnel 
were  instructed  in  the  recognition  of  the  disease,  and  in  some  areas  native  police 
assisted  in  finding  the  sick.  A  visiting  nurse  program  was  instituted  b}"  some 
of  the  dispensaries.  While  these  nurses  were  largely  untrained  volunteers, 
they  facilitated  in  some  degree  in  case  finding  and  in  referral  of  cases  to  the 
hospitals.  Between  early  July  and  October,  a  total  of  91  natives  of  Okinawa 


10  Tigertt,  W.  D.,  and  Hammon,  W.  McD. :  Japanese  B  Encephalitis;  A  Complete  Review  of 
Experience  on  Okinawa,  1945-1949.  Am.  J.  Trop.  Med.  30:  689-722,  September  1950. 

11  Mosher,  W.  E.,  Jr.:  Japanese  “B”  Encephalitis;  Epidemiological  Report  of  the  194.'5  Outbreak 
on  Okinawa.  U.S.  Nav.  M.  Bull.  47 ;  586-593,  July-August  1947. 
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were  as  having  enceplialitis,  the  morbidity  la^inj;  ‘J.8  per  Id.OOO, 

as  compared  with  44.7  for  the  Heanza-Hamahika  Islands. 

Atnonjr  I'.S.  military  pereonnel,  between  Jnly  and  mid-September,  38 
military  patients  e.\hibited  a  variety  of  clinical  manifestations  and  were  inves- 
ti^^•^ted  by  serological  methods  for  the  diajrnosis  of  Japanese  li  encephalitis. 
Of  these,  only  11  yielded  unequivocal  evidence  of  the  specific  infection.  Two 
of  the  eleven  died,  and  autopsy  revealed  cerebral  lesions  compatible  with  the 
diagnosis  of  viral  encephalitis.  It  is  highly  probable  that  more  than  11  cases 
occurred. 

In  a  report  of  the  outbreak  by  I.<ewis  and  his  associates,*-  which  repre¬ 
sents  perhaps  the  first  e.xtensive  clinical  description  of  Japane.se  encephalitis 
made  by  U.S.  physicians,  the  symptomatology  of  the  disease  was  described 
as  it  occurred  among  Okinawan  natives.  The  clinical  features  of  the  cases 
iu  I'.S.  military  personnel,  as  observed  both  on  Okinawa  and  subsequently 
in  Korea,  have  been  well  documented  in  War  Department  Technical  Bulletin 
(TB  MKD)  181  on  Japanese  B  encephalitis,  issued  on  6  April  1947. 

Although  the  clinical  features  of  Japanese  B  encephalitis  do  not  seem 
to  differ  materially  from  those  of  St.  Ix)uis  encephalitis  and  western  equine 
encephalomyelitis,  which  were  already  iu  1945  well  described  in  l\S,  text¬ 
books  of  medicine,  it  may  be  worthwhile  to  mention  something  here  of  the 
clinical  picture  of  Japanese  encephalitis  as  it  appeared  on  Okinawa.  Most 
important  for  diagnostic  purposes  was  the  appearance  of  the  following 
signs  during  the  course  of  an  acute  febrile  illness:  Mental  confusion,  dis¬ 
orientation,  purposeless  movements,  speech  disturbances,  and  complete  apha¬ 
sia.  Varying  degrees  of  lethargv’  might  be  present  ranging  from  abnormal 
somnolence  to  complete  coma  in  patients  who  also  exhibited  high  fever 
and  nuchal  and  spinal  rigidity.  As  a  rule,  there  was  a  period  of  2  or  3 
days  l)efore  the  appearance  of  any  signs  suggesting  involvement  of  the 
nervous  system.  During  this  time,  headache  and  low-grade  fever  were  the 
only  symptoms.  Generalized  convulsions  of  the  grand  inal  or  petit  mal  type 
were  occasionally  the  first  signs  of  involvement  of  the  nervous  system,  with 
stiffness  of  the  neck  and  back,  and  other  signs  already  mentioned,  coming 
later.  Flaccid  paralysis,  suggesting  involvement  of  large  numbers  of  lower 
motor  neurons  in  the  spinal  cord  or  medulla,  was  not  seen.  Localized  spastic 
paralysis  was  seen  only  once  among  15  patients,  although  generalized  rigidity 
was  present  in  the  more  severe  cases.  Dissociated  eye  movements  were  seen 
in  only  one  patient,  and  diplopia  did  not  occur.  Pupils  were  usually  con¬ 
tracted  and  reacted  poorly  to  liglit:  a  sticky  exudafe  was  not  infrequently 
seen  about  the  eyes.  The  reflexes  were  variable  and  by  themselves  of  little 
aid  in  differential  diagnosis.  The  abdominal  reflexes  were  usually  absent 
while  the  tendon  reflexes  were  most  exaggerated;  only  occasionally  did  they 
become  diminished  or  absent.  Babinski's  sign  was  rarely  elicited. 

12  Lewis,  L.,  Ta.vlor,  H.  O.,  Sorem,  M.  B.,  Jforcross,  J.  W.,  and  Kindsratter,  V.  H. :  Japanese  B 
Encephalitis ;  Clinical  Observations  In  an  Outbreak  on  Okinawa-shima.  Arch.  Neurol.  Sc  Psycblat.  57 : 
430-46,3,  April  1947. 
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As  a  rule,  the  fever  lasted  from  7  to  11  days.  It  was  high  after  the 
appearance  of  nervous  signs  and  fre<piently  remittent,  although  it  is  un¬ 
certain  to  what  extent  the  administration  of  antipyretics  may  have  affected 
the  temperature  curve.  A  relative  bradycardia  was  invariably  present  dur¬ 
ing  the  febrile  phase  with  a  pulse  rate  of  about  50  to  60  lieing  common  after 
defervescence.  In  fatal  cases,  death  due  to  encephalitis  occurred  within  the 
first  2  weeks  and,  as  a  rule,  during  the  first  7  days  after  onset. 

Convalescence  was  slow.  I./ethargy  and  incoordination,  tremors  and 
nervousness,  and  occasionally  distinct  personality  changes  persisted  for  some 
Aveeks  after  defervescence.  Subsequently,  it  became  apparent  from  observa¬ 
tions  by  Japanese  physicians  and  by  neurological  consultants  from  the 
United  States  that  residual  symptonis  from  this  disease  were  noted  in  only 
a  small  percentage  of  patients.*®  These  did  not  grow  progressiveh'  worse 
as  in  the  sequelae  in  encephalitis  lethargica. 

As  to  laboratory  findings  in  the  blood  and  spinal  fluid,  during  the  acute 
phase  of  the  disease,  the  white  blood  cells  in  the  former  were  likely  to  be 
increased  in  the  range  of  10,000  to  25,000  cells  per  cubic  millimeter  of  blood, 
with  a  definite  increase  in  the  number  of  mature  aiid  immature  neutrophiles. 
Cerebrospinal  fluid  was  clear,  under  normal  or  occasionally  increased  pres¬ 
sure,  and  pleocytosis,  ranging  from  22  to  1,450  white  blood  cells,  was  present 
in  all  of  the  military  patients  whose  illness  was  definitely  proved  to  be  due 
to  this  infection.  The  cells  were,  as  a  rule,  predominantly  mononuclear, 
although  in  at  least  two  of  the  group  polymorphonuclear  leukocytes  pre¬ 
dominated;  spinal  fluid  sugar  and  chloride  were  in  the  normal  range.  Pro¬ 
tein  was  normal  or  only  slightly  increased  early  in  the  disease,  while  during 
convalescence  a  3  or  4  plus  Pandy  reaction  was  not  uncommon. 

In  American  military  personnel,  poliomyelitis  and  “aseptic  meningitis" 
offered  the  greatest  problems  of  clinical  differential  diagnosis.  Among  the 
children  and  natives  of  older  age  groups,  tuberculous  meningitis  proved  to 
be  another  important  differential  diagnostic  consideration.  Of  aid  in  the 
diagnosis  Avas  the  use  of  neutralization  and  complement  fixation  tests  and 
virus  isolation  from  fatal  cases.  It  Avas  fortunate  indeed  that,  during  the 


During  World  AA'ar  II.  and  when  thin  disease  was  first  encountered,  a  subject  of  great  interest 
was  whether  the  military  cases  of  Japanese  B  encephalitis  would  result  in  any  residual  deficiencies 
in  nervous  function  after  the  acute  stage  of  the  liisease  had  been  passed  successfully.  This  was  a 
matter  which  should  call  for  preferably  long-term  followup  observations.  One  postwar  study  which 
can  be  mentioned  is  embodied  in  a  report  to  the  Surgeon  General’s  Office  by  Dr.  Charles  D.  Aring. 
Professor  of  Neurology,  University  of  Cincinnati,  Ohio,  made  under  the  auspices  of  the  Army  Epidemio¬ 
logical  Board  in  1948  (published  in  Arch.  Neurol.  &  Psychlat.  62:  750-765,  December  19491.  Dr. 
Aring  examined  19  late  cases  of  Japanese  B  encephalitis  in  Americans  at  the  SClst  Station  Hospital 
in  Tokyo,  as  well  as  12  late  cases  among  Japanese.  In  only  1  American  out  of  a  total  of  19  did  he 
feel  that  it  was  possible  that  the  patient  was  sutTering  from  residua,  and  even  in  this  case  it  seemed 
probable  that  the  signs  were  attributable  to  an  emotional  disorder  apart  from  his  recent  acute  disease. 
It  was  Dr.  Aring's  opinion  that  once  the  "dangerous  period"  had  been  passed  without  the  appearance 
of  crippling  neurological  signs,  the  patient  would  go  on  to  good  recovery,  with  the  possible  excinition 
of  the  develonment  of  parkinsonism,  which  had  been  reported  in  Japanese  cases  as  an  occasional 
occurrence. 

Several  years  later,  it  was  shown  that  leptospirosis  was  the  cause  of  at  least  one  outbreak  of 
“aseptic  meningitis”  in  troops  on  the  island  of  Okinawa. 


90 


INFECTIOUS  DISEASES 


combat  conditions  on  Okinawa  in  the  summer  of  1945,  not  only  were  labora¬ 
tory  facilities  made  available  for  the  carrying  out  of  these  tasks  but  that 
personnel  were  also  available  to  do  the  tests  and  to  interpret  them.  This 
is  a  type  of  frontline  scientific  medicine  which  deserves  special  mention  in 
any  military  history. 

Medical  officers  were  aware  that  there  was  no  specific  treatment  for 
Japanese  B  encephalitis,  but  the  following  supportive  measures  were  car¬ 
ried  out.  During  the  period  of  coma,  nutrition  was  maintained  by  gavage 
or  by  the  parenteral  administration  of  fluids  and  the  use  of  vitamin  supple¬ 
ments.  As  depletion  of  body  protein  was  sometimes  extreme,  plasma  or 
amino  acids  were  given. 

Other  special  and  general  methods  were  used  as  a  means  of  preventing 
decubitus  ulceration.  The  careful  use  of  sedatives  during  periods  of  rest- 
le.ssness  and  irritability,  with  frequent  changes  of  posture  of  comatose  pa¬ 
tients,  tracheal  aspiration,  catheterization  when  indicated,  and  similar  routine 
procedures  constituted  almost  all  the  therapeutic  measures. 

The  treatment  of  complications  with  chemotherapeutic  agents  was 
regarded  as  of  paramount  importance,  particularly  with  reference  to  pneu¬ 
monia. 

The  pathology  of  Japanese  B  encephalitis  was  also  described  on  the 
basis  of  material  studied  from  the  Okinawan  epidemic.  An  excellent  report 
was  made  by  Lt.  Comdr.  H.  M.  Zimmerman,  MC,  USNR,  from  the  Naval 
Medical  Research  ff^nit  No.  2  ”  and,  with  the  help  of  the  Army  Institute  of 
Pathology  (now  the  Armed  Forces  Institute  of  Pathology),  Washington, 
D.C.,  another  report  was  made  by  Haymaker  and  Sabin.’®  Involvement  of 
the  brain  proved  to  be  very  extensive. 

For  preventive  measures,  the  reader  is  referred  to  Sabin's  chapter  on 
encephalitis  in  another  volume  in  the  history  of  the  Medical  Department 
in  World  War  II.’^  It  is  enough  to  say  here  that  the  use  of  mosquito  control 
and  a  mouse-brain  formalin  (inactivated)  vaccine  were  tried  on  Okinawa. 

In  summary,  therefore,  and  in  retrospect,  it  would  appear  that  during 
World  War  II  after  considerable  preparation  with  regard  to  the  arthropod- 
borne  virus  encephalitides  this  group  of  diseases  turned  out  to  be  less  of  a 
threat  as  a  military  disease  than  had  been  anticipated,  but  in  this  respect 
there  was  feeling  that  the  Armed  Forces  had  been  lucky.  In  any  event, 
considerable  was  learned  about  arthropodborne  virus  encephalitides  which 
constituted  a  group  of  what  might  be  called  new  diseases  as  far  as  the  Medi¬ 
cal  Departments  of  either  the  Army  or  the  Na^'y  were  concerned.  The  first 
contact  by  American  troops  with  a  most  important  member  of  this  group, 
namely,  Japanese  B  encephalitis,  became  a  landmark  of  some  prominence 

>3  Zimmerman,  H.  M. :  The  Pathology  of  .Tapaneae  B  EncephalitU.  .\m.  .T.  Path.  22:  OO-j-OOl, 
September  1946. 

Haymaker,  W.,  and  Sabin.  A.  B. :  The  Topographic  niatribution  of  Lesions  in  Central  Nervous 
System  in  Japanese  B  Encephalitis;  Nature  of  the  Lesions,  With  Report  of  a  Case  on  Okinawa.  .\rch. 
Neurol.  &  Psychlat.  57  :  673-692,  June  1947. 

IT  See  footnote  3,  p.  83. 
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in  the  military  history  of  virus  diseases.  That  the  disease  should  have  been 
promptly  recognized,  and  the  agent  isolated  by  medical  officers  from  the 
Army  and  the  Navy  working  close  to  the  combat  areas,  was  a  noteworthy 
achievement.  Subsequent  to  World  War  II,  important  additions  were  made 
to  knowledge  about  this  disease,  as  a  result  of  exiieriences  in  the  army  of 
occupation  in  Japan,**  but  the  introduction  to  this  story  came  in  July  and 
August  of  1945  on  the  island  of  Okinawa. 

POLIOMYELITIS 

Just  prior  to  the  onset  of  World  War  II,  it  was  generally  agreed  by 
medical  officers  in  the  Army  that  poliomyelitis  was  not  a  disease  of  military 
significance.  This  w’as  based  on  the  very  low  incidence  of  poliomyelitis  in 
U.S.  Army  forces  during  and  in  the  years  immediately  following  World 
War  I.  It  seemed  justifiable  to  continue  to  regard  this  disease  essentially, 
if  not  exclusively,  as  a  disease  of  early  childhood  and  not,  to  any  appreciable 
degree,  as  a  disease  of  men  of  military  age. 

By  1945,  however,  it  was  abundantly  clear  that  this  opinion  needed 
revision,  for  although  the  number  of  cases  of  poliomyelitis  which  had  oc¬ 
curred  in  the  Army  during  World  War  II  was  not  very  great  (in  the 
neighborhood  of  about  1,000  covering  the  4  war  years),  the  disease  had 
been  responsible  for  many  problems.  The  degree  of  crippling  was  high; 
the  percentage  of  bulbar  cases  was  high;  the  mortality  was  high;  and  the 
element  of  panic  which  poliomyelitis  caused,  either  in  outbreaks  or  in  single 
cases  within  military  units,  had  proved  to  be  appreciable.  Not  only  had 
this  been  so  within  the  confines  of  the  United  States  but,  with  the  exception 
of  the  European  Theater  of  Operations,  U.S.  Army,  the  incidence  of  polio¬ 
myelitis  had  been  considerably  greater  in  troops  abroad  than  at  home 
(p.  99). 

The  statistics  with  regard  to  the  prevalence  of  poliomyelitis  in  U.S. 
Army  personnel  preceding  and  during  World  War  II  have  been  admirably 


It  will  not  be  within  the  scope  of  this  chapter  to  diacuaa  postwar  outbreaks  of  arthropodborne 
virus  encephalitis  or  the  experience  with  this  disease  by  troops  occupying  Japan  during  the  2  years 
immediately  following  1945.  Three  cases  did  occur  in  C.S.  troops  in  Korea  in  1946,  one  of  them  fatal. 
These  occurred  among  1,500  Americans  stationed  In  an  Isolated  camp  near  Kunsan  (Sabin,  A.  B., 
Schleslnger,  R.  W.,  Glnder,  D.  R..  and  Matumoto,  M. :  Japanese  B  Encephalitis  in  American  Soidiers 
in  Korea.  -\m.  J.  Hyg.  46 :  356-375,  November  1947).  No  cases  of  encephaiitis  were  found  in  the 
native  iHipiilation  coincidentally.  Subsequently  (1946-55),  Korea  bas  experienced  at  least  two  large 
outbreaks  of  Japanese  B  encephalitis. 

Also  during  the  summer  of  1946,  an  outbreak  of  illness  among  U.S.  Marines  stationed  in  Tientsin, 
China,  which  at  first  was  thought  to  be  encephalitis  and  later  regarded  as  poliomyelitis,  led  to  certain 
investigations  by  Sabin  and  bis  coworkers  (Proc.  Soc.  Exper.  Biol,  ft  Med.  65:  183-187,  June  1947) 
which  revealed  that  extensive  previous  inapparent  infection  with  Japanese  B  encephalitis  virus  existed 
among  the  populations  of  Shanghai  and  Tientsin,  where  no  epidemics  of  encephalitis  had  been  observed. 
The  survey  method  employed  by  Sabin  was  one  which  bad  been  followed  by  Japanese  in  Japan  and 
elsewhere,  for  some  years ;  namely,  by  determlniug  the  presence  or  absence  of  neutralising  antibodies 
for  the  virus  of  Japanese  B  encephalitis  in  large  numbers  of  sera  collected  from  various  age  groups 
of  the  local  population  living  in  various  locations.  It  was,  however,  one  of  the  first  of  many  subsequent 
examples  of  the  use  of  the  serological  antibody  survey  by  U.S.  investigators  as  a  means  of  outlining 
the  geographic  distribution  of  epidemic  encephalitis  in  what  might  be  called  unknown  territory. 
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Chart  li. — Seasonal  invideuve  of  lioliommiitiii  in  the  Army  in  the  vontinentul  United  Stateg 
comynred  trith  eantemyoruneonH  eiritinn  niteg  during  the  gccond  half  of  each  year, 

1943-46 

[Rate  expresaed  a>i  number  of  cum's  |ier  annum  |>er  100.000  ureraee  strength,  by  weeks] 


)94S  1946 

Source  :  Health  of  the  Army,  vol.  I,  Report  No,  3,  30  Sept.  1946. 

reviewed  by  Sabin  in  another  volume  in  the  liistory  of  the  Medical  Depart¬ 
ment  in  World  War  II.'^  The  attempt  will  not  be  made,  therefore,  to  dupli¬ 
cate  Sabin’s  fi^rnres  to  which  the  reader  may  be  referred.  There  are,  how¬ 
ever,  certain  epidemiological  points  which  deserve  mention  even  at  the 
expense  of  reiteration  because  they  represent  new  information  about  this 
disease  acquired  as  a  result  of  military  experience.  Primarily,  it  became 
apparent  during  the  years  1941-4.5  that  men  of  military  age,  born  and 
brought  up  in  the  United  States  during  the  1920’s  and  1930’s,  were  more 
susceptible  to  poliomyelitis  than  their  fathers  had  been  in  1917-18.  This 
was  unexpected.  The  military  rates  for  1943-46  within  the  United  States 

19  Sabin,  Albert  B. :  Pollomyelltifi.  In  Medical  Department,  United  States  Army.  PreventlTe 
Medicine  in  World  War  II.  Volume  V.  Communicable  Diseases  Transmitted  Through  Contact  or  By 
Unknown  Means.  Washington  :  U.S.  Goverumeul  Printing  Oflice.  1960,  pp.  367-400. 
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are  shown  in  chart  2.  In  comparing  the  curves  recoi-tUng  Army  and  civilian 
incidence,  respectively,  in  cliart  2,  one  should  recall  that  the  civilian  popula- 
»h)n  contains  a  much  higher  jiercentagi*  of  susceptibles  (children)  than  does 
the  military  population  In  terms  of  iU'tual  rates,  the  average  civilian  over¬ 
all  annual  i*ate  for  poliomyelitis  per  100.000  in  the  United  States  for  1940-47 
was  al)out  10.  This  includes  all  ages,  all  months  of  the  year,  and  Ixjth  para- 
1’  ^ic  and  nonparalytic  cases.  It  can  Iw  compared  with  the  annual  rate  for 
Army  tnmps  in  the  I’nited  States  for  the  period  1940-47,  which  was 
lut  3  {)er  100, 0(M). 

Another  point  that  came  out  of  the  military  experience  was  that  in  1941 
liere  was  little  appreciation  that  poliomyelitis  could  be  a  tropical  disease 
of  any  importance,  or  that  it  amounted  to  much  in  subtropical  areas.  Ix)cal 
civilian  public  health  statistics  within  the  great  majority  of  tropical  areas 
had  for  years  reported  a  dearth  of  epidemics  and  a  very  low  incidence  of 
poliomyelitis  in  the.  native-born  inhabitants.*®  Therefore,  it  was  iiaturally 
thought  that  this  disea.se  should  not  l)e  of  particular  danger  to  troops  in 
such  areas.  It  was  not  long,  however,  before  it  became  apparent  that  jmlio- 
myelitis  could  exist  in  poorly  sanitated  tropical  or  subtropical  aieas  as  a 
hidden  disease,  hitherto  unsuspected.  Later,  by  the  copious  use  of  hindsight, 
one  could  surmise  that  this  might  have  lieen  predicted  on  the  basis  of  prewar 
experience  with  poliomyelitis  in  the  Philippines.  As  early  as  1936,  Lt.  Col. 
(later  Brig.  Gen.)  (''harles  C.  Hillman.  MC.  had  reported  an  interesting 
observation,  which  Avas  to  be  repeated  frequently  during  World  War  II. 
In  his  account  **  of  an  outbreak  of  poliomyelitis  Avhich  occurred  i?i  Manila, 
Philippine  Islands,  in  1934,  he  descril)ed  17  patients  Avith  poliomyelitis  Avho 
Avere  admitted  to  the  Sternberg  General  Hospital  in  Manila;  of  these,  3 
cases  AA'ere  in  military  personnel,  the  remaining  14  lading  in  dependents. 
Coincidentally,  the  number  of  cases  in  the  local  Philippine  civilian  popula¬ 
tion  Avas  small,  presumably  represented  by  only  nine  cases.  Colonel  Hillman 
commented  on  the  fact  that,  considering  the  vast  preponderance  of  natiA^es 
to  American-born  people  in  the  community,  there  was  indeed  a  striking  dis¬ 
crepancy  between  the  poliomyelitis  incidence  rate  in  the  civilian  population 
and  that  of  the  Americans,  HoAAever,  the  extraordinary  degree  to  wdiich 
the  immunity  of  the  young  adults  in  the  two  populations  might  differ  Avas 
not  appreciated  at  that  time. 

The  idea  should  not  be  conveyed  here  that  the  Medical  Department  of 
the  U.S.  Army  was  indifferent  at  the  beginning  of  World  War  II  to  the 
threat  of  poliomyelitis  as  a  possible  problem  in  military  medicine,  for  this 
was  not  the  case.  During  the  summer  of  1941,  the  Office  of  the  Surgeon 
General  of  the  Army  prepared  a  statement  about  poliomyelitis  and  recom¬ 
mendations  for  its  control  in  the  Army.  Again  in  1943,  at  the  request  of 

20  Sinop  1»4.A.  mnny  ppldemics  of  poliom.volitiH  hnvp  bp«‘ii  roportoil  from  tropicnl  areas  (Paul,  .T.  R., 
Ramirez  Corria.  and  Ilorstmann.  T>.  M. :  Analyses  From  a  Tropical  Epidemic  of  Poliomyelitis  AA’hich 
Occurred  in  Florida  and  Cuba  in  1946.  Am.  .T.  Trop.  Med.  29:  r»43-554,  July  1949). 

21  Hillman.  C.  C.  :  Poliomyelitis  in  the  Philippine  Islands.  Mil.  Surj^eon  79:  48-58,  July  1936. 
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Tlie  Surgeon  Generul  of  the  Army,  the  Division  of  Medical  Sciences  of  the 
National  Research  Council  sponsored  a  discussion  by  outstanding  authorities 
in  the  field  of  poliomyelitis,  which  again  resulted  in  a  number  of  i-ecom- 
mendations  used  by  military  officers.  These  recommendations  are  recorded 
by  Sabin  in  another  volume  in  the  history  of  the  Medical  Department  in 
World  War  11.^ 

Perhaps  the  first  theater  in  which  this  disease  became  an  appreciable 
problem  was  that  of  the  U.S.  Army  Forces  in  the  Middle  East  in  1943.  Ob¬ 
servations  regarding  the  seriousness  of  poliomyelitis  in  British  troops  within 
the  area  during  1941-42  had  already  been  made  in  1943.^  The  situation  was 
later  reviewed  by  Caughey  and  Porteous  in  a  postwar  report  of  their  experi¬ 
ences  which  includes  a  description  of  an  epidemic  of  poliomyelitis  which  had 
occurred  in  1940-41  in  New  Zealand  troops  stationed  in  Egypt.*^  Similar 
British  observations  were  recorded  in  India  with  comments  on  the  fact  that 
poliomyelitis  was  particularly  severe  in  foreign  troops  in  India,  whereas  at 
the  same  time  it  seemed  to  be  both  uncommon  and  not  severe  in  the  natives 
there. 

This  early  British  experience  in  the  Middle  East  was  later  shared  by 
U.S.  troops  in  North  Africa,  Egypt,  and  the  Middle  East  generally  during 
the  summer  of  1943.  This  joint  experience  has  been  described  with  par¬ 
ticular  reference  to  the  high  rate  and  high  fatality  of  poliomyelitis  in  U.S. 
troops  in  contrast  to  its  apparent  rarity  in  the  native  adult  Egyptians. 
Comment  was  also  made  on  the  absence  of  epidemics  of  poliomyelitis  in  the 
local  native  population  and  the  fact  that  the  only  examples  of  the  disease 
which  did  appear  in  the  local  population  were  in  infants. 

There  was  considerable  difficulty  with  the  diagnosis  of  poliomyelitis  in 
U.S.  troops  stationed  in  this  area  during  the  summer  of  1943.  Medical  offi¬ 
cers  had  not  been  prepared  for  this  disease  and  were  very  loath  to  accept 
suspicious  cases  as  poliomyelitis.  This  may  be  understandable  in  that,  at 
least  at  that  period,  the  clinical  picture  of  poliomyelitis  in  adults  had  re¬ 
ceived  scanty  treatment  in  American  textbooks  of  medicine.  At  the  38th 
General  Hospital  near  Cairo,  Egypt,  this  author,  in  consultation,  saw  at 
least  a  dozen  cases  of  poliomyelitis,  several  of  which  were  fatal.  In  the 
majority  of  patients,  the  disease  was  characterized  by  insidious  onset  with 
2  or  3  days  of  malaise,  relatively  little  fever,  but  severe  pain  in  the  back. 
This  is  in  some  contrast  to  the  textbook  picture  seen  in  children  with  an 
acute  onset  with  fever  and  usually  a  biphasic  course.  Fortunately,  at  the 
38th  General  Hospital,  a  virus  laboratory  had  been  established  in  the  sum- 

22  See  footnote  19,  p.  92. 

23  Van  Rooyen,  C.  E.,  and  Morgan,  A.  D. :  Poliomyelitis ;  Experimental  Work  in  Egypt.  Edin¬ 
burgh  M.J.  50  :  705-720,  December  1943. 

-*  Caughey,  J.  E.,  and  Porteous,  W.  M. :  An  Epidemic  of  Poliomyelitis  Occurring  Among  Troops 
in  the  Middle  East.  M.J.  Australia  1 :  5-10,  5  Jan.  1946. 

2a  Paul,  J.  R.,  Havens,  W.  P.,  Jr.,  and  Van  Rooyen,  C.  E. :  Poliomyelitis  in  British  and  American 
Troops  in  the  Middle  East;  Isolation  of  the  Virus  from  Human  Faeces.  Brit.  M.J.  1:  841-843, 
24  June  1944. 
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mer  of  1943.  Monkeys  were  obtained  locally  and  from  Eritrea,  where  they 
had  been  trapped  by  members  of  the  Army  Veterinary  Service,  and  the  iso¬ 
lation  of  poliomyelitis  virus  by  monkey  inoculation  with  material  from  a 
number  of  these  cases  during  the  summer  of  1943  supported  the  diagnosis.®* 

In  the  care  of  these  patients,  thei-e  is  little  to  record  other  than  the  fact 
that  here,  as  elsewhere  in  areas  lemote  fmm  the  I’nited  States,  tank  i‘es- 
pirators  and  other  respiratory  aids  wei-e  seldom  available.  As  a  result,  polio¬ 
myelitis  patients  who  developed  severe  respiratory  paralysis  promptly  died. 

From  the  epidemiological  standpoint,  it  was  here  in  the  Middle  East 
that  the  idea  first  emerged  that  the  phenomena  which  had  been  observed  by 
Hillman  in  the  Philippines  in  1934  was  one  which  could  be  repeated  in  a 
number  of  different  areas,  particularly  in  cities  located  in  the  tropics  where 
sanitation  was  primitive.  In  other  words,  among  the  native-born  infants 
and  young  children  in  these  areas,  poliomyelitis  was  apt  to  be  endemic  with 
an  exposure  rate  so  high  that  the  infection  was  almost  universally  accpiired 
by  natives  in  infancy  and  was  almost  universally  unrecognized.  Co)ise- 
quently,  by  the  time  the  native  child  had  reached  the  age  of  2  or  3  years, 
he  had  had  the  disease  (rarely  in  either  paralytic  or  nonparalytic  form),  but 
commonly  in  inapparent  form  and  had  thus  acquired  some  immunity.  This 
immunity  rate  among  the  adult  natives  was  high  as  opposed  to  the  visiting 
troops  from  northern  Europe,  the  United  States,  Canada,  Australia,  and 
Xew  Zealand  whose  exposure  to  poliomyelitis  at  home  had  not  been  so  heavy 
during  infancy.  When  these  troops  entered  these  areas,  poliomyelitis  came 
tt>  the  surface,  as  it  were,  because  of  heavy  exposure  of  a  moderately  sus¬ 
ceptible  population  coming  into  an  infectious  environment.  As  a  result,  not 
only  were  appreciable  numbers  of  cases  of  poliomyelitis  acquired  by  the 
susceptible  members  of  the  “immigrant”  troops,  but  small  epidemics  in  U.S. 
ti’oops  were  precipitated  now  and  again  of  which  notable  examples  apj^eai'ed 
in  1944  and  1945  in  the  Philippines. 

It  would  also  appear  that  the  same  unsanitary  conditions  and  proximity 
to  native  populations,  which  gave  rise  to  high  attack  rates  of  bacillary  dysen¬ 
tery  and  infectious  hepatitis,  were  also  associated  with  an  increased  incidence 
of  poliomyelitis.  Thus,  poliomyelitis  and  these  other  diseases  did  not  often 
occur  among  the  troops  in  various  primitive,  tropical  or  subtropical,  regions 
where  the  military  installations  were  “beyond  the  range  and  influence  of 
native  villages.”  But  where,  as  became  particularly  evident  in  the  South¬ 
west  Pacific  Area  and  in  the  Philippines,  U.S.  troops  moved  into  the  midst 
of  congested  native  villages  and  towns  with  sanitation  of  the  worst  possible 
order,  poliomyelitis  appeared  in  unexpectedly  high  numbers  of  cases,  along 
with  the  other  infections  whose  etiological  agents  were  known  to  occur  pre¬ 
dominantly  in  human  feces. 


28  Rpport.  Commission  on  Nourotropic  Virus  Disoases.  Army  lOpidomioloKirnl  Board,  to  Office  of 
the  Surgeon  General,  U.S.  Army,  May  1944,  subject :  Report  of  the  Middle  Kast  Expedition  of  the 
Virus  Commission. 
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In  the  Philippine  Ishiiuls.  for  instance,  the  story  was  typical.  Prior 
to  tlie  invasion  of  the  islands  in  1!)44,  the  attackiiifr  force  had  sjjent  a  month 
on  hoard  ships  without  the  appearance  of  a  sinjjle  case  of  poliomyelitis, 
lint  shortly  after  the  ot’cupation  of  T..eyte  l)e}ian  in  October  1044,  cases 
appeared,  and  this  was  followed  by  a  relatively  hi<rh  incidern-e  of  the  dis¬ 
ease.  Accordinfif  to  the  statistical  health  report,  :>0  cases  of  poliomyelitis 
occurred,  during  the  months  of  Noveml)er  and  December  1944,  in  a  force 
which  varied  from  an  initial  strength  of  almut  200,tK)0  to  a  little  over  IMXl.rtOO 
at  the  end  of  the  year.  In  the  next  year,  there  were  245  cases  (for  all  of 
1945)  in  a  force  with  an  average  strength  of  aro\ind  600,000.  Sabin  states 
that  there  is  good  reason  to  l)elieve  that  this  does  not  include  all  the  cases. 
Studies  on  the  disease  here  were  reported  by  the  virus  team  of  the  19th 
Medical  General  Laboratory,  Leyte.'*  It  was  noted  by  them  that  there  was 
no  uniform  history  of  the  increase  of  upper  respiratory  infections  in  units 
involved,  but  several  of  the  patients  had  had  diarrhea  or  dysentery  subse¬ 
quent  to  arrival  on  I^^yte.  Non  paralytic  ca.ses  were  also  recorded;  several 
of  them  caused  considerable  difficulty  in  diagnosis.  Coincidentally,  no  evi¬ 
dence  of  poliomyelitis  appeare<l  among  the  Filipinos  so  that  in  the  Philip¬ 
pine  Islands  poliomyelitis  was  considered  to  lie  a  disease  of  white  j^eople. 
In  retrospect,  the  observations  point  to  the  fact  that  the  local  population 
in  Leyte  was  the  hidden  reservoir  of  the  virus. 

Another  outbreak  in  the  Southwest  Pacific  was  investigated  at  Laoag 
Army  Air  Base  in  1945  by  Lt.  Col.  Adam  J.  French.  MC.^*  Twenty-two 
cases  occurred,  most  of  them  during  the  month  of  May,  with  at  least  eight 
paralytic  cases.  Here  again,  it  was  not  an  isolated  explosive  outbreak  but 
rather  a  group  of  cases  resulting  from  what  seemed  to  be  continuous  ex- 
l)osure  to  a  reservoir  of  virus. 

Apart  from  the  incidence  of  poliomyelitis  in  various  oversea  theaters, 
the  incidence  of  poliomyelitis  in  troops  in  the  continental  United  States  was 
appreciable  (chart  2).  As  a  rule,  most  of  the  cases  w^ere  sporadic  examples 
of  the  disease  which  were  not  followed  by  outbreaks  in  the  units  in  which 
they  appeared.  However,  there  were  several  small,  sharp,  and  moderately 
serious  epidemics  in  the  United  States  during  the  period  1941-46.  These 
epidemics  have  been  discussed  with  care  by  Sabin  in  another  volume  in  the 
history  of  the  Medical  Department  in  World  War  II.*® 

The  first  of  these  was  an  epidemic  in  San  Antonio.  Tex.,  in  December 
1942.*”  Although  only  6  cases,  1  of  them  fatal,  occurred  in  soldiers  in  the 
vicinity  of  Fort  Sam  Houston,  San  Antonio,  there  were  a  number  of  cases 


Rt’I'ort,  19th  M<>(liciil  Service  DetHeliiiieiit  (General  (.aboratory),  to  Chief  SiirReon,  Headquarters, 
tl.S.  Army  Services  of  Su|iply,  Southwest  Pacific  Area,  28  Oec.  1944.  subject:  Polioinyelitis  and  Other 
Virus  Diseases  in  the  Taclobnn-I’alo-Dulap  area  of  I.«*yte. 

28  I^'tter.  lit.  Col.  A.  .T.  French,  MC,  to  Chief  Surgeon.  C.S.  .\rmy  Forces,  Western  Pacific,  25  .Tune 
1945,  subject ;  Investigation  of  Poliomyelitis  Outbreak  at  I.aoag  Army  Air  Kase. 

29  See  footnote  19,  p.  92. 

•‘*0  Paul,  .1.  R.  :  Preliminary  Report  on  the  Poliomyelitis  Kpidemic  in  San  Antonio,  Tex..  Septeml)er- 
December  1942.  [Offlcial  record.] 
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among  the  families  of  oflieers  ami  men  stationetl  in  that  area,  11  of  which 
were  admitted  to  the  linx^ke  (leneral  Hospital  at  Fort  Sam  Houston.  This 
outbreak  caused  considerable  concern  IfKailly  and  served  as  an  illustration 
of  the  manner  in  which  poliomyelitis  can  imlirectly  become  a  morale  problem 
when  it  suddenly  appears  in  the  families  of  military  personnel  living  on  a 
large  military  post  in  this  country. 

A  .second  outbreak,  which  was  well  descrilml,  o<*cuired  in  a  training  unit 
designated  as  the  STAR  (Specialized  Training  and  Reassignment)  unit  at 
Pa.sadena  College,  Pasa<lena.  Calif.  'Fhe  STAR  unit  consisted  of  appro.xi- 
mately  800  men  among  whom  an  explosive  epidemic  <KTurred  in  mid-August 
1948,  just  after  810  of  the  men  had  left  for  duty  at  Indiana  University, 
Bloomington,  Ind.  The  first  case,  which  ended  fatally,  occurred  on  the 
train,  and  subsequently,  there  were  16  other  cases  compatible  with  the  diag¬ 
nosis  of  paralytic  or  nonparalytic  poliomyelitis  in  the  group  which  went  to 
Indiana.  Among  the  men  remaining  at  Pasadena  College,  there  was  only 
one  case. 

Another  epidemic  occurred  at  Fort  McClellan.  Ala.,  in  the  spring  of 
1945,  which  was  apparently  the  only  example  of  an  outbreak  of  poliomyelitis 
in  an  isolated  Army  camp  in  the  continental  United  States.  Seventeen  cases 
of  paralytic  poliomyelitis  occurred  within  a  brief  period  of  2  months,  yield¬ 
ing  a  paralytic  attack  rate  of  approximately  0.57  per  1,0(X)  men.  All  the 
cases  were  in  soldiers. 

These  last  two  small  outbreaks  which  occurred  in  Army  personnel  in 
the  United  States  were  both  explosive  localized  types,  suggesting  primary 
infection  from  a  common  source  over  a  limited  period  of  time. 

The  incidence  of  poliomyelitis  among  American  troops  in  the  European 
theater  was  of  the  same  order  of  magnitude  as  in  the  United  States,  except 
that  no  outbreaks  were  recorded. 

Diagnosis 

During  World  War  II,  poliomyelitis  proved  to  be  a  disease  of  some 
significance  within  several  theaters.  This  had  lieen  more  or  less  unsus¬ 
pected  by  medical  officers,  some  of  whom  went  to  considerable  lengths  to 
determine  whether  the  case  of  acute  paralysis  seen  in  North  Africa,  for 
instance,  in  1943,  might  be  due  to  some  cause  other  than  poliovirus.  One 
of  the  reasons  for  the  difficulties  in  making  the  diagnosis  seemed  to  have 
been  that  at  that  time,  in  the  mid-1940's,  the  average  medical  or  pediatric 
textbook  description  of  acute  poliomyelitis  described  the  picture  of  the 
juvenile  case  characterized  with  initial  signs  and  symptoms  of  acute  fever 
(often  in  two  bouts),  headache,  vomiting,  and  stiff  neck.  Textbook  descrip¬ 
tions  of  adult  cases  were  few,  and  there  was  little  awareness  that  adult  cases 
could  present  a  picture,  quite  different  from  the  juvenile  case,  of  insidious 
onset,  often  with  little  fever  in  the  first  few  days  and  often  with  severe 
pain  in  the  back.  Consequently,  it  was  with  some  reluctance  that  the  diag- 
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nosis  of  poliomyelitis  was  made  by  medical  officers  in  areas  where  poliomye¬ 
litis  was  said  to  be  rare  and  where  there  was  the  possibility  of  the  occurrence 
of  one  or  more  unusual  diseases  of  local  origin  which  might  simulate  polio¬ 
myelitis.  This  reluctance  to  diagnose  poliomyelitis,  because  it  was  a  disease 
that  Avas  not  supposed  to  occur  in  certain  parts  of  the  world  and  not  sup¬ 
posed  to  occur  in  soldiers,  is  understandable.  By  early  1944,  cases  of  polio¬ 
myelitis  in  military  personnel  were  becoming  more  familiar  in  the  Mediter¬ 
ranean  area,  and  the  diagnostic  problems  were  soon  resolved. 

Treatment 

It  would  not  be  profitable  to  review  the  various  kinds  of  treatment  Avhich 
patients  with  paralytic  poliomyelitis  received  under  widely  differing  circum¬ 
stances  in  different  theaters  of  war  and  in  different  kinds  of  hospitals.  Dur¬ 
ing  and  immediately  following  World  War  II,  current  ideas  as  to  the 
symptomatic  and  supportiA^e  therapy  of  poliomyelitis  were  undergoing  certain 
changes.  The  abandonment  of  the  prolonged  and  rigid  splinting  of  para¬ 
lyzed  limbs  was  taking  place,  and  the  tendency  was  more  in  favor  of  the  use 
of  shell  casts  to  protect  the  AA’eakened  or  paralyzed  limb  rather  than  its  fixa¬ 
tion.  Actually,  the  degree  to  which  rigid  splinting  of  paralyzed  limbs  during 
acute  phases  of  the  disease  was  carried  out  must  haA’e  differed  considecn’  ly 
in  different  places.  Another  innovation  Avas  just  beginning  to  be  usi  d.  This 
was  the  application  of  moist  heat  to  the  limbs  and  body  in  the  painful  stages 
of  myelitis,  the  so-called  Sister  Kenny  method,  Avhich  also  called  for  the 
reeducation  of  muscles  early  in  the  postfebrile  period. 

Considerable  improvements  Avere  to  be  made  in  the  decade  following 
World  War  II  in  the  development  of  various  mechanical  breathing  aids  for 
supporting  patients  whose  life  was  threatened  because  of  respiratory  impair¬ 
ment  as  a  result  of  paralysis  to  the  respiratory  muscles.  During  World 
War  II,  hoAvever,  the  main  respiratory  aid  Avas  the  tank  respirator,  known 
as  the  Drinker  respirator.  This  aaus  a  large,  heavy  piece  of  apparatus,  bulky 
and  difficult  to  transport.  It  was  not  standard  equipment  of  many  general 
hospitals.  Xevertheless,  a  number  of  the.se  tank  respirators  were  available 
for  hospitals  in  the  United  States,  and  occasionally,  the  emergency  trans¬ 
portation  of  a  tank  respirator  to  a  distant  area  was  achieA^ed.  In  retrospect 
and  taking  all  things  into  account,  it  is  not  belieA’ed  that  loss  of  life  due  to 
tlie  failure  of  availability  of  i-espiratory  aids  AA'as  a  serious  situation. 

OA’ersea  patients  Avith  residual  paralysis  Avere  eventually  eA’acuated  to 
hospitals  in  the  Zone  of  Interior  Avhere  they  could  have  orthopedic  supervi¬ 
sion  and  undergo  a  regimen  of  rehabilitation  before  discharge  from  the 
Army.  This  latter  phase  represents  a  different  but  important  chapter  in  the 
handling  of  these  cases. 

In  summary,  therefore,  it  can  be  said  that,  before  the  close  of  World 
War  II,  it  had  become  apparent  that,  Avith  the  exception  of  northern  Europe, 
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the  nites  of  poliomyelitis  for  U.S.  troops  stationed  abroad  were  higher  than 
in  the  United  States,  and  in  some  instances  far  higher  (chart  3).  In  this 
chart,  the  rates  are  indicated  at  which  poliomyelitis  appeared  in  U.S.  Army 
troops,  which  were  Ioav  in  the  United  States  and  the  Eurojiean  theater,  w’ere 
higher  in  the  Mediterranean,  the  Middle  East,  and  China-Burma-India  the¬ 
aters,  and  liigher  still  in  the  Philippine  Islands. 

Chart  3. — Incidence  of  poliomyelitis  in  the  U.S.  irmy,  by  selected  area  and  year,  1940-^H 
[Rate  oxpreased  us  number  of  cases  tier  at  lutii  i»er  1,000  average  strength] 
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Source  ;  Paul,  3,  R. :  Poliomyelitis  Attack  Rates  In  American  Troops,  1940-1948.  Am.  J.  Hyg.  50  : 
57-62,  July  1949. 

Unexpectedly,  therefore,  this  military  experience  has  added  a  good  deal 
of  knowledge  to  the  epidemiology  of  poliomyelitis  in  general  but  relatively 
little  to  other  aspects  of  this  disease.  This  was  because  of  the  small  number 
of  cases  and  the  insufficient  volume  of  clinical  material. 

LYMPHOCYTIC  CHORIOMENINGITIS 

The  story  of  this  disease  in  World  War  II  has  been  presented  by  Ras¬ 
mussen  and  Smadel  in  another  volume  in  the  history  of  the  Medical  Depart¬ 
ment  in  World  War  II.®®  From  their  review,  it  appears  that  lymphocytic 
choriomeningitis,  which  had  been  a  popular  diagnosis  during  the  late  1930’s, 

(1)  Paul,  J.  R. :  Poliomyelitis  In  Japan.  Am.  J.  Hyg.  46  :  206-218,  March  1947.  (2)  Sabin, 

A.  B. :  Epidemiology  of  Poliomyelitis ;  Problems  at  Home  and  Among  Armed  Forces  Abroad.  J.A.M.A. 
134  :  749-756,  28  June  1947. 

»  Rasmussen,  Aaron  F.,  Jr.,  and  Smadel,  Joseph  E. :  LymphocyUc  Choriomeningitis,  /n  Medical 
Department,  United  States  Army.  Preventive  Medicine  in  World  War  II.  Volume  V.  Communicable 
Diseases  Transmitted  Through  Contact  o.  By  Unknown  Means.  Washington:  U.S.  Government  Print¬ 
ing  Office,  1960,  pp.  363-366. 
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provtnl  to  Ih*  u  imicli  less  common  disease  among  U.S.  military  personnel 
than  had  been  originally  suspected. 

Karly  in  the  war,  this  disease,  which  will  In;  referred  to  here  as  LCM, 
had  been  considered  of  sufficient  im|)ortance  to  deserve  detailed  mention  in 
Circular  Letters  Nos.  107  and  74,  21  October  1941  and  19  March  1943,  re- 
sj)ectively,  pertaining  to  neurotropic  virus  diseases;  later,  these  circulars  were 
followed  by  TH  MED  212,  16  January  1946.  In  all  of  these  summaries,  it 
was  pointed  out  that  exact  diagnosis  was  desirable  and  that  aids  to  the 
clinical  diagnosis  of  LCM  were  available  in  the  form  of  complement  fixation 
tests,  which  could  preferably  be  performed  for  diagnostic  purposes  on 
matched  samples  of  sera. 

These  directives  reflect  the  fact  that  the  clinical  diagnosis  of  LCM  was 
being  made  all  too  freely  in  the  early  1940's  and  that  the  term  had  become  a 
catchall  to  embrace  the  majority  of  cases  of  acute  aseptic  or  lymphocytic 
meningitis  of  undetermined  etiology.  This  explains  the  report  of  admission 
to  Army  hospitals  of  758  cases  of  LCM  in  which  the  diagnosis  was  based 
on  clinical  criteria  alone  during  the  period.  However,  from  the  laboratory 
studies,  reported  by  Rasmussen  and  Smadel  (in  which  only  31  of  276  sus¬ 
pected  cases  were  proved  to  be  caused  by  L(’M),  it  appeared  that  only  1  in  10 
of  these  758  cases  reported  in  the  Army  were  actually  caused  by  the  virus 
of  LC^I,  giving  an  estimated  overall  incidence  of  76  cases  during  three  of 
the  war  years,  1943^5. 

The  problem  of  differential  diagnosis  on  clinical  grounds  in  cases  of 
aseptic  meningitis  was  in  the  early  1940’s,  and  still  is,  very  appreciable, 
particularly  as  the  list  of  diseases  which  were  considered  in  differentiating 
LCM  from  lymphocytic  meningitis  in  military  personnel  was  long.  It  in¬ 
cluded  mumps  meningoencephalitis,  nonparalytic  poliomyelitis,  central  ner¬ 
vous  system  syphilis,  tuberculous  meningitis,  acute  encephalitis  of  a  variety 
of  causes,  tetanus,  brain  abscess,  rabies,  lymphocytic  meningitis  associated 
with  malaria,  and  infectious  mononucleosis.  At  that  time,  the  syndrome 
associated  with  infections  by  a  number  of  Coxsackie  and  Echo  viruses  was 
not  known,  and  it  is  highly  probable  that  such  cases  were  also  included  under 
the  term  “acute  benign  lymphocytic  meningitis.’’  Furthermore,  the  syn¬ 
drome  of  acute,  benign  lymphocytic  meningitis  encountered  in  leptospiro¬ 
sis  was  also  not  appreciated,  and  it  is  reasonable  to  suppose  that  such  cases 
occurred  because  of  their  subsequent  detection  in  areas  where  troops  were 
stationed  during  World  War  II.^ 

In  brief,  then,  it  appears  that  although  many  cases  of  LCM  were  diag¬ 
nosed  clinically  during  the  war,  actually  this  disease  was  uncommon.  The 
introduction  of  serological  methods  and  the  notification  of  medical  officers 
that  such  methods  were  available  did  much  to  clarify  this  situation.  It  is 
quite  clear  that  in  many  theaters  of  operations  it  was  difficult  to  have  the 

Professional  History  of  Internal  Medicine  in  World  War  II,  1  Jan.  1940  to  1  Oct.  1945.  The 
Panama  Canal  Dept.,  vol.  I,  pp.  162-171.  [OfBcial  record.] 
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special  type  of  laboiatory  determinations  performed,  sucli  as  the  serological 
diagnostic  methods  described  in  Circular  Letters  Nos.  107  and  74,  and  TB 
MED  212. 

Nevertheless,  it  was  gradually  brought  home  to  medical  officers,  in  this 
country  at  least,  that  here  was  a  disease  of  which,  if  loosely  diagnosed,  one 
could  find  many  examples,  but  if  rigidly  diagnosed,  particularly  with  tlie 
use  of  the  complement  fixation  test,  90  iiercent  of  the  cases  could  be  elimi¬ 
nated.  The  fact  that  these  tests  were  more  readily  available  to  physicians  in 
the  Medical  Department  of  the  Army  than  to  many  physicians  in  civilian 
practice  indicates  that  here  was  a  situation  with  certain  educational  poten¬ 
tialities. 

In  retrospect,  therefore,  it  would  seem  that  IjCM  did  not  prove  to  lie  a 
disease  of  military  importance  in  World  War  II.  The  number  of  proved  cases 
were  few  and  scattered  and,  apparently,  thei'e  was  nothing  special  or  con¬ 
sistent  about  the  circumstances  under  which  they  occurred.  One  noteworthy 
feature  about  LCM  during  World  War  II  was,  however,  that  through  the  lab¬ 
oratories  of  the  Army  Medical  Department  Professional  Service  Schools, 
Army  Medical  Center,  Washington,  D.C.,  and  a  few  other  special  labora¬ 
tories,  this  proved  to  be  one  of  the  first  of  the  virus  diseases  of  the  central 
nervous  system  in  which  an  exact  etiological  diagnosis  could  be  established 
by  serological  methods.  Others  in  the  group  soon  followed. 

RABIES 

Rabies  among  military  personnel  during  World  War  II  was  rare  and 
sporadic.  In  the  U.S.  Army,  1941^5,  seven  rabies  deaths  were  reported  on 
individual  medical  records,  five  occurring  in  the  United  States  and  one  each 
in  Panama  and  the  Philippine  Islands.  Of  the  five  patients  who  died  in  the 
United  States,  one  had  contracted  the  disease  in  Italy  but  had  not  reported 
for  treatment  until  after  returning  to  the  United  States. 

This  author  reviewed  three  case  reports  of  patients  who  had  contracted 
the  disease  in  the  United  States — one  at  Jefferson  Barracks,  Mo.,  in  December 
1941 ;  one  in  Washington,  D.C.,  in  November  1943 ;  and  one  at  Chanute  Field, 
Ill.,  in  January  1944.  The  first  two  cases  were  due  to  dogbites;  the  third, 
to  the  bite  of  a  skunk. 

In  the  three  case  reports  reviewed,  there  were  no  special  features  with 
regard  to  the  history,  clinical  course,  and  treatment.  The  incubation  period 
in  two  of  the  patients,  one  of  whom  received  a  full  course  of  antirabic 
inoculation,  was  from  3  to  6  months;  whereas,  in  the  third  patient,  who  was 
bitten  on  the  lip  and  Avho  had  received  but  three  injections  of  vaccine,  it 
was  about  5  weeks.  Once  symptoms  started,  the  course  was  rapidly  downhill 
with  death  in  3  to  4  days.  Initial  symptoms  included  malaise,  anxiety,  and 
drowsiness.  These  were  soon  followed  by  nausea,  pain  in  the  shoulders, 
increasing  stupor,  rapidly  developing  flaccid  paralysis,  and  pharyngeal  and 
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larynjreal  spasm.  Paraldehyde  and  Avertiu  (tribromolthanol)  were  em¬ 
ployed  as  sedatives. 

Despite  the  farHiing  activities  of  the  U.S.  Army  during  the  course  of 
the  war,  the  only  areas  other  than  the  United  States  in  which  the  disease 
was  contracted  were,  as  just  mentioned,  Panama,  the  Philippine  Islands,  and 
Italy.  This  is  e.xtraordinary  from  the  standpoint  of  the  exjjosure  which 
might  have  existed  in  North  Africa  and  in  the  Middle  East  generally,  but  is 
of  coiirse  i\ot  remarkable  for  Great  Britain  and  France  in  the  European 
theater. 

(  ol.  John  E.  Gordon,  MC,^*  in  a  report  from  the  Europeaji  theater, 
noted  that  it  was  a  novel  sensation  in  the  experience  of  most  American  phy¬ 
sicians  to  be  able  to  look  with  complete  equanimity  on  the  occurrence  of  a 
dogbite.  Babies  had  been  so  long  absent  from  Great  Britain  by  reason  of 
the  stringent  quarantine  practiced  in  that  country  that  no  need  existed  for 
administration  of  antirabic  vaccine  after  bites  by  dogs  or  other  animals.  The 
last  rabies  in  Great  Britain  occurred  at  the  time  of  World  War  I. 

The  I'abies  situation  in  France  was  almost  as  favorable,  for  apparently 
no  detinite  cases  of  rabies  had  been  detected  in  animals  for  some  years,  and 
no  human  had  died  from  rabies  in  France  for  16  years. 

Babies  Avas,  however,  reported  in  Berlin,  Germany,  in  1945,  and  occa¬ 
sional  infections  among  animals  were  recognized  in  northwestern  Eurojiean 
countries,  ^Most  American  medical  officers  consequently  returned  to  tradi¬ 
tional  practice  in  the  management  of  dogbites  sustained  in  these  areas. 

Babies  transmitted  by  bats  was  a  disease  known  to  the  Army,  but  was  of 
no  military  significance  since  it  did  not  produce  human  cases.  This  bat- 
transmitted  disease  is  the  cause  of  paralysis  in  livestock,  principally  cattle. 
It  made  its  first  appearance  in  Trinidad,  in  1925,  where,  for  11  years  there¬ 
after,  focal  outbreaks  reoccurred  in  cattle,  with  about  1,000  cases  occurring 
annually.  The  rigorous  control  measures  which  were  brought  to  bear  in 
Trinidad  and  Venezuela  are  described  by  Maj.  Bichard  T.  Gilyard,  VC.®* 

M  Gordon,  John  E. :  A  IlUtory  of  Provontivo  Modicino  In  the  European  Theater  of  Operations, 
U.S.  Army,  1941-45,  vol.  II,  pt.  Ill,  p.  51.  [Official  record.) 

Gilyard,  R.  T. :  Bat  Transmitted  Paralytic  Rahles.  Cornell  Vet.  .S5  :  195-209,  July  1945. 
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Q  Fever 

Charles  A.  Ragan,  Jr.,  M.D. 

OCCURRENCE 

Q  fever  first  appeared  among  Allied  troops  in  1944  and  1945  when 
several  sharp  outbreaks  occurred  in  the  Mediterranean  (formerly  North 
African)  Theater  of  Operations,  U.S.  Army.^  That  it  was  not  identified 
immediately  was  doubtless  related  to  the  fact  that  this  rickettsial  disease  had 
first  been  described  in  19;>7,-  and  that,  with  the  exception  of  laboratory  infec¬ 
tions,®  the  disease  had  been  reported  only  from  Queensland,  Australia,  as 
occurring  naturally  in  liuman  beings.  The  author  was  present  as  Chief, 
Medical  Service,  15th  Field  Hospital  in  Italy,  when  some  of  the  first  military 
patients  were  seen,  and  it  must  be  confessed  that  there  was  no  realization 
at  that  time  that  an  unusual  situation  w’as  developing.  In  retrospect,  it  is 
of  interest  to  reflect  upon  the  interplay  of  serendipity,  error  (a  single  posi¬ 
tive  Weil-Felix  reaction),  and  the  presence  of  Maj.  Frederick  C.  Robbins,  MC, 
in  Naples  that  led  to  the  realization  that  we  were  dealing,  not  with  common 
primary  atypical  pneumonia,  but  with  Q  fever,  appearing  naturally  in  a 
locality  far  distant  from  Queensland.  Subsequently,  the  disease  was  recog¬ 
nized  in  southern  Italy,  Greece,  and  Panama.  Since  World  War  II,  Q  fever 
has  been  recognized  in  California.^ 

Apennines  outbreaks. — The  15th  Field  Hospital  was  set  up  in  December 
1944  as  a  three-platoon  unit  acting  as  a  medical  evacuation  unit  behind  the 
U.S.  II  Corps  in  the  Apennines  north  of  Florence.  The  hospital  was  studying 
the  feasibility  of  early  return  to  duty  of  patients  with  various  psychosomatic 
problems  related  to  combat  fatigue.  In  addition  to  such  patients,  there  were 
others  with  trenchfoot,  infectious  hepatitis,  and  primary  atypical  pneumonia. 


1  Unless  otherwise  noted,  the  material  presented  in  this  chapter  was  taken  mainly  from  a  series 
of  articles  which  appeared  in  the  American  Journal  of  Hygiene,  volume  44,  July  1946,  pp.  1-182. 

2(1)  Derrick,  E.  H. ;  “Q”  Fever,  A  New  Fever  Entity ;  Clinical  Features,  Diagnosis  and  Labora¬ 
tory  Investigation.  M.J.  Australia  2:  281-299,  21  Aug.  1937.  (2)  Burnet,  F.  M.,  and  Freeman,  M. : 

Experimental  Studies  on  the  Virus  of  “Q”  Fever.  M.J.  Australia  2  :  299-305,  21  Aug.  1937. 

3  (1)  Cox,  H.  R. :  A  Filter-Passing  Infectious  Agent  Isolated  From  Ticks,  III.  Description  of 
Organism  and  Cultivation  Experiments.  Pub.  Health  Rep.  53 :  2270-2276,  30  Dec.  1938.  (2)  Dyer, 

R.  E. :  A  Filter-Passing  Infectious  Agent  Isolated  From  Ticks.  IV.  Human  Infection.  Pub.  Health 
Rep.  53;  2277-2282,  30  Dec.  1938.  (3)  Hornibrook,  J.  W.,  and  Nelson,  K.  R. :  An  Institutional  Out¬ 

break  of  Pneumonitis.  I.  Epidemiological  and  Clinical  Studies.  Pub.  Health  Rep.  55 :  1936-1944, 
25  Oct.  1940.  (4)  Dyer,  R.  E.,  Topping,  N.  H.,  and  Bengtson,  I.  A. :  An  Institutional  Outbreak  of 

Pneumonitis.  II.  Isolation  and  Identification  of  Causative  Agent.  Pub.  Health  Rep.  55  ;  1945-1954, 
25  Oct.  1940.  (5)  Lillie,  R.  D.,  Perrin,  T.  L.,  and  Armstrong,  C. :  An  Institutional  Outbreak  of  Pneu¬ 

monitis.  III.  Histopathology  in  Man  and  Rhesus  Monkeys  in  the  Pneumonitis  Due  To  the  Virus  of 
“Q”  Fever.  Pub.  Health  Rep.  56 :  149-155,  24  Jan.  1941. 

*  Clark,  W.  H.,  Lennette.  E.  H.,  and  Meiklejohn,  G. :  Q  Fever  in  California.  III.  Aureomycin  in 
the  Therapy  of  Q  fever.  A.M.A.  Arch.  Int.  Med.  87 :  204-217,  February  1951. 
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Kadiological  facilities  under  the  direction  of  Capt.  Stanley  M.  Wyman,  MC, 
were  excellent. 

In  late  February  1045,  an  officer  from  Headquarters  Company,  300th 
Infantry,  was  admitted  with  high  fever  and  general  malaise  without  local¬ 
izing  symptoms,  a  picture  suggesting  the  preicteric  phase  of  infectious 
hepatitis.  A  roentgenogram  of  the  chest  at  admission  was  interpreted  as 
normal.  A  macular  erythematous  rash  appeared  transiently,  and  typhus 
was  then  considered  in  differential  diagnosis,  because  several  of  the  medical 
officers  in  the  15th  Field  Hospital  had  had  duty  in  North  Africa  and  had 
seen  the  disease  in  native  populations.  For  this  reason,  a  Weil-Felix  test 
was  done  and  was  re|K)rted  as  positive  in  a  significantly  high  titer  from  the 
2d  Medical  Laboratory  in  Florence.  Shortly  thereafter,  a  second  roentgeno- 
gratn  of  the  chest  revealed  an  area  of  pneumonic  consolidation,  and  a  pre¬ 
sumptive  diagnosis  of  primary  atypical  pneumonia  was  made. 

Within  the  next  month,  32  additional  meml)ers  of  Headquarters  Com¬ 
pany,  33t)th  Infantry,  were  admitted  with  febrile  illness,  and  20  more  patients 
from  this  unit  were  seen  in  other  Fifth  IJ.S.  Army  hospitals  with  similar 
symptoms.  Major  Robbins  of  the  15th  Medical  General  Laboratory  in  Naples 
came  to  investigate  the  reported  positive  Weil-Felix  reaction.  From  the 
blood  of  one  of  the  patients  with  pneumonitis,  a  strain  of  rickettsia  charac¬ 
terized  as  Rickettsia  hurncti  was  isolated  by  inoculation  into  guinea  pigs 
and  subse<iuent  transfer  to  chick  embryo  yolk  sac.  This  was  established  as 
the  Henzerling  strain.  Sera  were  obtained  from  28  patients  during  acute 
illness  and  convalescence,  and  convalescent  samples  were  obtained  from  25 
other  patients.  Complement -fixing  antilM)dies  to  the  Henzerling  strain  were 
found  in  the  sera  of  all  53  patients. 

A  second  outbreak,  originating  in  the  same  vicinity,  was  observed  in 
April  1945  in  the  3d  Battalion,  3(>2d  Infantry,  involving  267  patients  of 
whom  80  were  personally  observed  in  the  15th  Field  Hospital.  Sera  of  the 
acute  disease  and  convalescence  were  obtained  from  29  unselected  cases,  and 
a  rising  titer  of  complement -fixing  antibodies  to  the  Henzerling  strain  was 
demonstrated.  The  Paige  strain  of  R.  hurru'ti  was  isolated  from  one  patient 
in  this  group.  In  this  epidemic,  70  percent  of  the  patients  not  personally 
observed  were  reported  as  having  atypical  pneumonia  or  pneumonitis,  and 
the  remainder  had  diagnoses  of  fever  of  undetermined  origin,  infectious 
hepatitis  without  jaundice,  or  upi^er  re.spiratory  infection.  Occasionally,  no 
final  diagnosis  was  made. 

In  a  survey  carried  out  by  Major  Robbins,  I^t.  Col.  Ross  L.  Gauld,  MC, 
and  Capt.  (later  Maj.)  Frank  B.  Warner,  AfC,  several  localities  appear 
to  be  epidemiologically  implicated  in  the  high  incidence  of  disease  seen  in 
these  two  outbreaks.  Insects  in  the  presumed  areas  of  infection  were  numer¬ 
ous  but  no  specific  rickettsial  vectors  were  discovered  and  the  spraying  of 
DDT  (dichlorodiphenyltrichloroethane)  did  not  modify  the  pattern  of  the 
outbreak  in  the  339th  Infantry.  An  incubation  period  varying  from  14  to 
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26  days,  with  a  peak  at  19  to  20  days,  was  suggested  by  this  epidemic.  No 
cases  developed  in  medical  pei-sonnel  caring  for  these  patients.  It  was  noted 
that  the  implicated  areas  were  dusty,  but  no  attempt  was  made  to  recover 
the  reckettsia  from  dust.  Rickettsia  was  successfully  recovered  from  dust  in 
California  by  DeLay,  Lennette,  and  DeOme  in  1950.®  High  complement - 
fixing  antibody  titers  to  the  Henze rling  strain  were  found  in  a  group  of 
civilians  from  the  epidemic  area.  Several  other  outbreaks,  which  were  simi¬ 
lar  in  their  clinical  and  epidemiological  features  but  not  proved  serologically, 
occurred  in  small  units  in  northern  Italy  and  Corsica.  All  outbreaks  seemed 
to  be  related  to  dusty  habitations. 

Laboratory  outbreaks. — In  June,  July,  and  August,  1945,  a  laboratory 
outbreak  of  20  cases  developed  in  the  15th  Medical  General  Laboratory  in 
Naples.  This  epidemic  was  well  documented  by  Major  Robbins  and  was 
shown  to  have  originated  in  the  room  of  the  laboratory  where  the  Henzerling 
and  Paige  strains  were  lieing  studied  in  guinea  pigs  and  embryonate  hens’ 
eggs.  The  Seale  strain  of  R.  bumeti  was  isolated  in  this  epidemic,  and 
rickettsiae  were  isolated  from  16  of  the  20  patients  as  early  as  the  second 
day  of  disease  and  as  late  as  the  eighth.  Complement-fixing  antibodies  to 
the  Henzerling  strain  of  rickettsia  were  absent  in  sera  taken  before  the  7th 
to  the  13th  day  of  disease  but  were  present  with  later  specimens.  The  peak 
of  the  antibody  response  was  reached  on  about  the  21st  day  with  a  tendency 
to  diminish  after  the  30th  day.  The  disease  contracted  in  the  laboratory 
appeared  to  be  somewhat  more  severe  than  that  seen  in  the  field,  possibly 
owing  to  a  greater  initial  exposure  to  the  infectious  agent;  however,  four 
patients,  proved  to  be  harboring  rickettsia  and  sick  with  fever  and  malaise, 
developed  no  roentgenologic  evidence  of  pneumonia. 

Outbreaks  originating  in  Greece. — During  the  outbreaks  north  of  Flor¬ 
ence,  it  was  learned  that  an  epidemic  of  40  cases  of  pneumonitis  had  ap¬ 
peared  in  one  company  of  a  battalion  of  British  paratroopers  who  had  come 
to  Rome,  Italy,  from  Athens,  Greece,  in  January  1945.  The  outbreak  ap¬ 
peared  to  have  developed  in  Athens,  and  the  men  recalled  exposure  to  dust 
in  an  abandoned  silk  mill  used  as  a  bivouac.  Dr.  J.  Caminopetros  of  the 
Pasteur  Institute  in  Athens  had  obtained  from  the  blood  of  patients  with 
“Balkan  grippe”  an  agent  producing  a  transmissible  febrile  disease  in  guinea 
pigs.  Guinea  pig  blood  was  sent  by  him  to  the  Commission  on  Acute  Res¬ 
piratory  Diseases,  Army  Epidemiological  Board  (Board  for  the  Investiga¬ 
tion  and  Control  of  Influenza  and  Other  Epidemic  Diseases  in  the  Army), 
and  from  this,  a  rickettsia  strain  similar  to  R.  bumeti  was  isolated  at  the 
Commission  laboratories  at  Fort  Bragg,  N.C.  A  laboratory  outbreak  caused 
by  the  “Balkan  grippe”  strain  of  Q  fever  occurred  in  the  personnel  in  this 
laboratory  before  the  rickettsia  had  been  definitely  characterized  from  the 
material  sent  from  Greece.  As  was  so  often  the  case  with  these  epidemics  of 

5  P.  D.,  Lennette,  E.  H.,  and  DeOme,  K.  B. :  Q  Fever  in  California.  II.  The  Reeover.v  of 

Coxiella  Biirnetl  from  Naturally-Infected  Air-Borne  Duat.  J.  Immunol.  65  :  211-220,  August  1950. 
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Q  fever,  the  diagnosis  was  made  in  retrospect.  Convalescent  serum  obtained 
from  35  of  the  British  paratroopers  who  had  been  sick  in  Athens  and  Rome 
and  sera  from  43  well  soldiers  of  the  same  battalion  were  tested  for  agglu¬ 
tinating  antibodies  to  the  “Balkan  grippe”  strain  at  Fort  Bragg.  Significant 
elevations  were  found  in  29  of  the  35  recovered  cases,  while  only  9  of  43  men 
who  had  not  been  ill  showed  a  high  titer.  Presumably,  therefore,  the  epi¬ 
demic  in  British  paratroopers  represented  an  infection  with  the  “Balkan 
grippe”  strain  contracted  in  Athens. 

Outbreak  in  Zone  of  Interior. — An  outbreak  of  Q  fever  was  observed  at 
Camp  Patrick  Henry,  Va.,  in  May  and  June  1945,  after  approximately  7,500 
troops  returning  from  southern  Italy  had  disembarked.  The  disease  was 
apparently  confined  to  five  squadrons  of  an  air  force  group.  Careful  case 
finding  in  one  squadron  revealed  143  patients — an  attack  rate  of  38  percent. 
Agglutinating  antibodies  to  the  “Balkan  grippe”  strain  of  H.  bumeti  were 
found,  as  were  complement -fixing  antibodies  to  the  Australian  strain,  but 
no  organism  was  isolated.  The  outbreak  seemed  to  be  related  to  a  particular 
bivouac  area,  at  Grottaglie  Air  Base  near  Taranto  in  southern  Italy.  Again, 
no  cases  developed  in  medical  |)ersonnel  caring  for  these  patients. 

Other  outbreaks. — A  single  case  of  pneumonia  was  studied  in  Panama 
from  which  a  strain  of  rickettsia  similar  to  R.  bumeti  was  isolated.  The 
British  Army  in  1944  had  observed  in  the  Mediterranean  area  several  sharply 
localized  epidemics  of  “atypical  pneumonia”  characterized  by  a  high  attack 
rate — up  to  50  percent  of  a  unit.  These  may  have  represented  Q  fever,  but 
no  serological  proof  for  this  was  obtained. 

CLINICAL  FEATURES 

Mode  of  onset. — In  northern  Italy,  the  disease  was  characteristically  sud¬ 
den  in  onset  and  the  exact  hour  was  frequently  known.  At  Camp  Patrick 
Henry,  in  contrast,  70  percent  of  the  patients  noted  a  gradual  onset.  These, 
however, .  represented  the  milder  cases  discovered  by  careful  case- finding 
studies  and  would  not  have  been  observed  in  the  Apennines  epidemic  in  which 
only  patients  with  complaints  sufficient  to  require  hospitalization  were  seen. 
The  early  symptoms  were  nonspecific — chilliness,  sweats,  general  malaise, 
weakness,  fatigue,  muscular  aches,  frontal  headache,  and  anorexia.  Pain  in 
Ihe  chest  when  present  was  variable  in  intensity,  ranging  from  a  vague  to  a 
definitely  pleuritic  character. 

Symptoms. — ^Although  the  onset  was  usually  sudden,  it  was  seldom  severe 
enough  to  cause  prostration,  and  the  patient  often  continued  duty  for  12  to 
72  hours.  The  nonspecific  symptoms  persisted  and  became  more  pronounced 
with  the  ensuing  rise  in  temperature.  Frank  rigor  was  seldom  experienced. 
Frontal  headache  was  common  and  severe,  as  in  many  rickettsial  diseases, 
and  a  majority  of  the  patients  complained  of  retro-orbital  pain  aggravated 
by  coughing.  Anorexia  was  the  only  common  gastrointestinal  symptom.  A 
moderately  dry  cough  frequently  developed  on  the  fifth  or  sixth  day  but  was 


Q  FEVER 


107 


not  an  outstanding  feature.  Approximately  20  percent  of  the  patients  who 
were  carefully  observed  raised  small  amoimts  of  blood-streaked  sputum. 
Vague  pain  in  the  chest  of  the  type  described  at  the  onset  persisted,  but  true 
pleuritic  pain  was  not  common  and  was  rarely  severe,  responding  to  aspirin 
and  codeine  therapy. 

Physical  findings. — Temperature  on  admission  ranged  between  101°  and 
105°  F.  The  curve  was  irregular,  extremely  sensitive  in  a  transient  fashion 
to  salicylates,  and  persisted  from  4  to  15  days.  It  returned  to  normal  by 
lysis  with  an  occasional  crisis.  Slight  relative  bradycardia,  normal  respira¬ 
tory  rate,  and  absence  of  cyanosis  and  dyspnea  were  usual.  A  cutaneous 
rash  was  seen  only  in  the  first  patient.  Physical  findings  in  the  chest  were 
normal  or  only  minimally  altered.  Crepitant  rales  and  slight  diminution  of 
breath  sounds  or  dullness  were  occasionally  noted,  after  the  roentgenogram 
called  attention  to  abnormalities.  Coryza  and  pharyngitis  were  not  encoun¬ 
tered  although  vesicles  on  the  pharyngeal  mucuous  membrane  were  noted  in 
the  epidemic  in  British  paratroopers.  Splenomegaly  was  rare  save  in  the 
British  paratroopers  who  also  had  generalized  glandular  enlargement.  Herpes 
simplex  was  not  observed.  Nuchal  rigidity  of  moderate  intensity  was  seen 
occasionally,  but  in  six  patients,  lumbar  punctures  yielded  normal  spinal 
fluid.  Guinea  pigs  inoculated  with  one  of  these  fluids  obtained  from  a  patient 
in  the  Apennines  outbreak  had  a  transmissible  disease,  but  serological  proof 
for  its  rickettsial  origin,  that  is,  cross-immunity,  was  not  obtained. 

Roentgenological  findings. — The  pneumonic  infiltration  as  seen  in  roent¬ 
genograms  was  characteristic.  Its  incidence  in  all  the  outbreaks  was  not 
determined,  but  80  percent  of  the  proved  cases  in  the  Naples  laboratory  out¬ 
break  and  90  percent  of  those  at  Camp  Patrick  Henry  showed  such  infiltra¬ 
tion.  The  shadows  were  homogeneous,  of  a  ground  glass  appearance  and 
patchy  in  distribution,  involving  only  a  small  portion  of  a  lobe.  Atelectasis 
with  shift  of  an  interlobar  septum  was  frequently  seen.  In  Italy,  in  most 
instances,  lesions  of  a  single  lobe  were  observed,  but  occasionally,  two  lobes 
were  affected.  At  Camp  Patrick  Henry,  60  percent  of  the  patients  had  mul- 
tilobar  involvement.  Lower  lobe  involvement  predominated.  There  was  no 
correlation  between  the  extent  of  involvement  demonstrated  by  roentgeno¬ 
gram  and  the  severity  of  the  disease.  The  roentgenogram  of  the  chest  on 
admission  was  frequently  clear,  with  shadows  appearing  on  the  third  or 
fourth,  and  occasionally  as  late  as  the  sixth,  day  of  the  disease.  Shadows 
consistent  with  small  amounts  of  pleural  fluid  were  seen  in  approximately 
10  percent  of  the  patients.  The  roentgenographic  changes  tended  to  be  per¬ 
sistent  and,  frequently,  were  still  present  when  the  patient  was  discharged 
after  an  average  stay  of  22  days  in  the  hospital.  Resolution  occurred  by  a 
gradual  clearing  of  the  involved  area. 

Course  and  convalescence. —  With  defervescence,  the  symptoms  rapidly 
subsided  leaving  only  weakness,  which  varied  with  the  severity  of  the  disease. 
The  duration  of  asthenia  ranged  from  a  day  to  3  weeks.  Loss  in  weight 
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commensurate  with  a  febrile  illness  associated  with  anorexia  was  usually 
observed.  No  deaths,  no  recurrences,  and  only  one  ix)ssible  complication  were 
seen  in  military  personnel.  The  complication  was  a  severe  esophagitis  in  one 
patient  in  the  Naples  laboratory  outbreak.  The  great  majority  of  patients 
returned  promptly  to  full  duty. 

Laboratory  findings. — Incmise  in  numbers  of  leuk(K‘ytes,  polymorplio- 
nuclear  leukocytosis,  and  anemia  were  not  observed.  The  urine  was  normal 
except  for  occasional  mild  albuminuria  at  the  height  of  fever.  The  erythro¬ 
cyte  sedimentation  rate  was  moderately  rapid  during  the  acute  phase  of  ill¬ 
ness  and  became  normal  promptly  after  recovery.  Blood  cultures  wei’e  ster¬ 
ile;  enteric  agglutinations,  Proteus  OX-19,  OX-2,  and  OX-K  agglutination 
(save  in  the  original  Aj)ennines  patient),  coccidioidin  skin  tests,  and  throat 
cultui*es  were  negative.  Cold  agglutinins,  antibodies  to  influenza  A  and  B, 
treatment  with  the  sulfonamides  or  penicillin  were  noted. 

Treatment. — Treatment  was  sjmiptomatic,  and  no  beneficial  eft'ects  of 
treatment  with  the  sulfonamides  or  penicillin  were  noted. 

EPIDEMIOLOGY 

The  Henzerling  strain  isolated  in  Italy,  the  “Balkan  grippe’’  strain  from 
Greece,  and  the  strains  isolated  in  the  laboratory  outbreak  at  Fort  Bragg  and 
in  Panama  were  similar  in  immunological  spoidficity  (complete  reciprocal 
cross-immunity)  to  the  rickettsia  isolater^  i>v  Dyer*  (the  American  strain) 
although  there  were  great  variations  in  the  sensitivity  of  the  antigens.  Cross¬ 
immunity  between  the  Australian’  aud  American  strains  had  previously 
been  demonstrated.  It  therefore  seems  reasonable  to  assume  that  the  rick¬ 
ettsial  disease  seen  in  the  Mediterranean  area  and  in  Panama  characterized 
by  pneumonitis  was  Q  fever.  The  relationship  of  Q  fever  to  the  usual  foi-m 
of  primary  atypical  pneumonia  was  investigsited  serologically,  and  it  was 
found  to  be  close  in  endemic  areas  such  as  Caserta,  Italy,  but  not  in  non¬ 
endemic  areas  such  as  the  Eastern  United  States, 

Mode  of  transmission. — In  the  original  cases  from  Australia,  ijueumo- 
nitis  was  not  mentioned.  The  disease,  there,  is  tickborne  to  cattle  with  a 
reservoir  in  bandicoots.  The  infection  in  man  is  aberrant,  and  the  Australian 
workers  postulated  that  the  inhalation  of  dried  tick  feces  present  on  the  hides 
of  cattle  was  the  route  of  infection  in  human  disease.  Pneumonitis  was  first 
recognized  in  the  laboratory  epidemic  at  the  National  Institute  of  Health, 
IT.S.  Public  Health  Service,®  and  in  retrospect,  it  appears  that  this  was  prob¬ 
ably  a  dustbome  rickettsial  infection.  No  insect  vectors  were  implicated  in 
the  Italian  or  Greek  disease,  but  dusty  habitations  were  noted.  Retrosi)ec- 
tively,  in  view  of  the  isolation  of  rickettsiae  from  dust  in  California,®  it 


B  Si-e  footnote  (2),  p.  103. 
T  See  footnote  2  (2),  p.  103. 
#  .See  footnote  3  (.1).  p.  103. 
!'  See  footnote  p.  105. 
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seems  fair  to  assume  that  pneumonic  Q  fever  may  represent  an  infection  in 
which  the  pulmonary  infiltrate  repiesents  the  primary  lesion,  as  does  the 
eschar  in  fievre  boutonneuse  and  rickettsialpox. 

Military  significance. — The  military  implications  of  this  disease  can  be 
far-reaching.  It  occurs  in  sharp  outbreaks  and,  although  rarely  fatal,  can 
completely  incapacitate  an  entire  unit  for  combat.  A  satisfactory  form  of 
prophylaxis  was  not  at  hand  during  the  war  years.  Since  World  War  II,  it 
has  been  shown  that  oxy tetracycline  (Terramycin)  and  chlortetracycline 
(Aureon)ycin)  are  effective  in  the  treatment  of  Q  fever, The  avoidance  of 
dusty  bivouacs  in  habitations  where  sheep,  goats,  or  cattle  have  been  kept 
may  help,  and  disturbing  of  such  dust  by  vigorous  procedures  should  par¬ 
ticularly  l)e  avoided. 

II)  (1)  Stokt'H,  M.  G.  r. ;  Q  Fever  in  Britain.  Brit.  M.  Bull.  9:  231-233.  1953.  (2)  See  foot¬ 
note  4.  103. 
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Scrub  Typhus 

Chris  J.  D.  Zarafonetis,  M.D.y  and  Myles  P.  Baker,  M.D. 

Scrub  (or  mitebonie)  typhus  is  an  acute  febrile  disease  caused  by  infec¬ 
tion  with  Rickettsia  tsutsugamushi.  Clinically,  it  resembles  other  rickettsial 
diseases  with  an  abrupt  onset  characterized  by  chilly  sensations  or  rigors, 
followed  by  fever,  headache,  malaise,  and  later  a  rash.  The  differential  di¬ 
agnosis  may  be  established  early  by  finding  the  primary  sore  or  eschar  at  the 
site  of  infection,  often  with  associated  satellite  or  generalized  lymphadenop- 
athy;  at  a  later  stage,  some  cases  may  be  distinguished  serologically.  Scrub 
typhus  is  also  called  tsutsugamushi  disease,  tropical  typhus,  rural  typhus, 
Japanese  river  fever,  and  Kedani  fever.^ 

The  earliest  description  of  the  malady  in  the  Japanese  literature  was 
written  by  Hakuju  Hashimoto  in  1810,  while  the  first  English  report  was 
made  by  Palm  in  1878.  Mites  were  suspected  as  the  probable  vectors  as  early 
as  1879.  The  field  mouse,  Microtus  montebelli,  was  implicated  as  an  impor¬ 
tant  natural  reservoir  of  infection  in  1918. 

During  the  20  years  before  World  War  II,  careful  research  work,  notably 
in  Malaya  and  Sumatra,  had  indicated  that  tsutsugamushi  disease  was  not 
limited  to  Northwestern  Japan,  Formosa,  and  the  Pescadores  Islands,  where 
the  Japanese  had  by  1931  definitely  established  its  rickettsial  etiology.  The 
clinical  picture,  pathology,  and  epidemiology  were  shown  to  be  fundamen¬ 
tally  the  same  in  Sumatran  mite  fever,  in  the  scrub  typhus  of  Malaya,  the 
endemic  typhus  of  New  Guinea,  the  coastal  fever  of  North  Queensland, 
Australia,  and  in  cases  reported  from  Burma  and  Indochina.  The  common 
pattern  could  be  traced  in  spite  of  wide  variations  in  mortality  and  frequent 
failures  to  find  the  primary  eschar.  Prior  to  the  experience  of  World 
War  II,  however,  the  only  species  of  mite  proved  by  animal  experiments  to 
be  the  vector  of  tsutsugamushi  disease  was  the  trombiculid  mite  identified  by 
Japanese  workers.  Other  mites  had  been  highly  suspected  in  Sumatra  and 
Malaya,  but  conclusive  proof  had  not  been  furnished.  Similarly,  the  prin¬ 
cipal  reservoir  host  of  the  trombiculid  mite  had  not  been  incriminated  else¬ 
where  than  in  Japan  and  Malaya.  Definitive  work  on  the  mite-rat  complex, 
in  New  Guinea  and  Burma,  remained  to  be  done. 

This  identification  of  scrub  typhus,  as  it  was  commonly  called  in  the 
Armed  Forces,  with  tsutsugamushi  disease  of  the  Japanese  removes  it  from 
the  list  of  strictly  tropical  diseases,  for  Japan  can  scarcely  be  considered 

1  Blake,  F.  G.,  Maxcy.  K.  F.,  Sadusk,  J.  F.,  Jr.,  Kobla,  G.  M.,  and  Bell,  E.J. :  Studies  on  Tautauga- 
muahl  Disease  (Scrub  Typhus,  Mlte-Borne  Typhus)  In  New  Guinea  and  Adjacent  Islands ;  Epidemiology, 
Clinical  Observations  and  Etiology  in  the  Dobodura  Aren.  Am.  J.  Hyg.  41 :  24.3-373,  May  1945. 
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within  the  tropics.  It  was,  in  fact,  little  known  outside  Japan  as  late  as 
1942.  Its  distribution  is  known  to  us  now  only  as  indicated  by  the  accident 
of  human  infection  with  A*,  tsutsugamushi.  With  the  advent  of  large-scale 
jungle  warfare,  scrub  typhus  became  an  important  medical  problem  to  troops 
in  the  Far  East.  Indeed,  approximately  6,000  cases  w^ere  to  appear  in  U.S. 
Forces  alone  during  the  campaigns  that  followed  the  outbreak  of  war  with 
Japan. 

As  military  operations  progressed  in  the  Southwest  Pacific  and  in 
Burma,  U.S.  Armed  Forces  passed  into  and  through  areas  hitherto  scarcely 
studied  as  to  prevalent  diseases  and  lived  there  under  field  conditions  very 
unlike  the  customary  sheltered  life  of  the  white  planter  of  prewar  years. 
One  immediate  result  was  a  wider  appreciation  of  the  geographic  area  of 
distribution  of  this  disease.  Until  then,  such  places  as  Bougainville  and 
Goodenough  Islands,  the  Schouten  Islands,  and  Netherlands  New  Guinea,  or 
Luzon  and  Mindoro  Islands  in  the  Philippines,  had  not  been  reported  as 
sites  of  scrub  tj-phus.  Medical  officers  became  acquainted  at  first  hand  Avith 
the  clinical  picture  and  pathology  of  the  disease  and  hail  opportunity  to  com¬ 
pare  it  with  otlicr  rickettsial  infections,  notably  epidemic  typhus.  Oppor¬ 
tunity  was  afforded  for  thorough  study  of  its  epidemiological  and  entomo¬ 
logical  aspects  in  the  field  and  laboratory  and  for  the  institution  of  preventive 
measures. 

CLINICAL  EXPERIENCE 
Southwest  Pacific  Area 

In  this  region,  Gunther  had  by  1940  collected  105  cases  of  a  disease  which 
he  labeled  “endemic  typhus,”  chiefly  from  the  Wau  area  in  the  mountains 
south  of  the  Markham  Valley  in  northeast  New  Guinea.-  The  clinical  pic¬ 
ture  was  described  by  him  at  length,  the  similarity  to  tsutsugamushi  disease 
emphasized.  Diagnostic  agglutinations  with  Protem  OX-K  were  reported. 
The  patients  were  white  men  who  had  been  clearing  jungle  areas.  Scattered 
cases  were  reported  from  New  Britain  Island  and  the  coastline  of  northeast 
New  Guinea  west  of  Finschhafen.  The  disease  Avas,  then,  well  knoAvn  when 
American  and  Australian  Armed  Forces  moved  into  New  Guinea  in  the 
spring  of  1942. 

THE  FIRST  PHASE:  ORIENTATION  (1942) 

The  first  cases. — Typhus  fever  was  first  recognized  among  our  troops  in 
the  Southwest  Pacific  as  an  isolated  case,  reported  from  northern  Queensland 
in  March  1942.  Eight  cases  were  reported  from  the  Port  Moresby  area  of 
Papua  late  in  September  1942,  and  subsequently,  a  feAv  cases  appeared  in  the 
Milne  Bay  area  at  the  eastern  extremity  of  Papua.®  During  the  summer 

2  Gunther,  C.  E.  M. ;  A  Survey  of  Endemic  Typhus  in  New  Guinea.  Med.  J,  Australia  2  :  564-573, 
30  Nov.  1940. 

3  Essential  Technical  Medical  Data,  Southwest  Pacific  Area,  for  February  1944. 
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and  early  autumn  of  1942,  combat  operations  in  Papua  were  primai*ily  the 
assignment  of  Australian  forces.  At  the  close  of  the  year,  Lt.  Col.  S.  W. 
Williams,  of  the  2/9th  Australian  General  Hospital  at  Port  Moresby,  was 
able  to  report  a  preliminary  study  of  300  cases  of  scrub  typhus.^  Within  10 
miles  of  Port  Moresby,  the  disease  was  rare,  considering  the  large  number 
of  troops  concentrated  there ;  all  but  a  handful  of  these  cases  developed  under 
combat  conditions  along  the  Moresby-Buna  track,  the  so-called  Kokoda  Trail. 
This  early  Australian  experience  tallied  closely  with  the  prewar  description 
of  the  clinical  picture  given  by  Gunther.  Emphasis  was  laid  on  the  fol¬ 
lowing  points: 

Among  the  first  hundred  patients  there  was  only  one  death;  among  the 
second  hundred,  exposed  to  the  hardships  of  living  conditions  while  following 
the  Japanese  retreat  over  the  Owen  Stanley  Eange,  there  were  three  deaths. 
In  cases  observed  during  December  1942,  chiefly  from  the  Buna-Gona  combat 
area,  the  mortality  was  “nearly  10  percent.”  These  soldiers,  too,  were  spent 
by  weeks  of  campaigning  in  the  mountains  and  fighting  around  Buna. 

Early  diagnosis  was  not  found  a  simple  matter.  Eschars  were  noted  in 
only  60  percent  of  the  cases.  As  experience  was  to  show,  they  should  be 
sought  in  covered  parts  of  the  body.  Similarly,  the  rash  was  observed  in 
about  60  percent  only.  Generalized  lymph  node  enlargement  was  the  most 
useful  diagnostic  sign  in  distinguishing  the  disease,  in  the  early  stages,  from 
malaria.  Even  so,  the  diagnosis,  in  absence  of  eschar  and  rash,  might  well 
remain  in  doubt  until  the  appearance  of  blood  agglutinins  for  Proteus  OX-K 
on  about  the  9th  or  10th  day  of  fever.  It  was  noted  that  patients  with 
scrub  typhus  fever  may  appear  deceptively  well  during  the  first  Aveek,  only 
to  develop  serious  pulmonary,  circulatory,  and  neurological  symptoms  in  the 
second  week  of  fever. 

American  troops  were  soon  presenting  examples  of  those  diagnostic  prob¬ 
lems  that  proved  to  be  scrub  typhus.  The  majority  of  men  who  were  to 
engage  in  combat  in  the  Buna-Gona  area  were  floAvn  over  “The  Hump”  of  the 
Owen  Stanleys,  were  set  down  at  Dobodura  airstrips,  and  went  into  battle 
late  in  November  1942.  Patients  with  scrub  typhus  began  to  appear  in  Decem¬ 
ber  in  Port  Moresby  hospitals,  evacuated  thereto  by  air.  Li  January  1943, 
there  was  a  sharp  rise  in  the  number  of  reported  cases  of  scrub  typhus  in  the 
Southwest  Pacific  Area  (table  12).  The  case  fatality  rate  for  1943  was  5.5 
percent  per  100  cases.  In  1944,  over  4,000  cases  of  scrub  typhus  were  reported 
with  a  case  fatality  rate  of  3.8  percent.  During  the  first  8  months  of  1945, 
the  number  of  cases  was  less  than  those  reported  for  the  same  period  in  1943, 
with  a  case  fatality  rate  of  5.4  percent.  O^ving  to  the  exigencies  of  the  mili¬ 
tary  situation,  soldiers  convalescing  from  scrub  typhus  were  evacuated  to 
general  hospitals  on  the  Australian  mainland,  with  the  result  that  any  com¬ 
pilation  of  case  material  was  rendered  impracticable.  Medical  officers  in  hos- 

4  Williams,  S.  W. :  Scrub  Typhus  In  Papua.  Preliminary  Report.  A  Description  Founded  on 
Observation  of  300  Cases  by  the  Medical  Staff  of  an  Australian  General  Hospital,  5  Jan.  1943.  tOffl- 
cial  record.] 
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Table  12. — Number  of  casex  and  deaths  due  to  scrub  typhus  in  the  Southwest  Paci^  Area, 

U.S.  Army,  January  1943  to  August  1945 

[Preltiuimkry  data  based  on  unit  summary  reports] 


Period 


1943 

January _ 

February _ 

March _ 

April _ 

May _ 

June _ 

July _ 

August _ _ 

September _ 

Octobt*r _ 

November _ _ _ 

Decemb«>r _ _ _ 

Total . . . 


1944 

January . - . . 

February . . — 

March . . . . . 

April . . . 

May . . 

June . . 

July . 

August . - . . 

September . . . . 

October _ _ 

Nov'embt'r _ _ _ 

December _ _ _ _ 


rase.s  I  Deaths 


<J2 

4 

62 

1 

45 

5 

55 

2 

64 

0 

79 

5 

83 

6 

81 

3 

95 

5 

93 

4 

67 

3 

119 

13 

935 

51 

75 

9 

104 

16 

184 

8 

75 

12 

130 

4 

212 

15 

647 

9 

1,  759 

32 

757 

38 

251 

10 

113 

6 

89 

6 

Total 


1945 

January _ 

February _ 

March _ 

April _ _ _ _ 

May - 

June _ 

July... . . . . 

August _ 


Total _ 

Grand  total 


4,  396 

165 

100 

5 

66 

2 

45 

4 

32 

2 

15 

2 

43 

2 

20 

1 

11 

0 

332 

IS 

5,  663 

234 
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pitiils  of  the  Advance  Ilase.  hecoininjr  familiar  with  clinical  features  of  the 
textbook  picture  of  the  disease,  cultivated  a  hi<rh  index  of  suspicion  of  scrub 
typhus  in  the  case  classified  as  fever  of  undetermined  origin  with  no  evidence 
of  malaria,  no  leukocytosis,  no  clinical  response  to  Atabrine  (quinacrine  hy¬ 
drochloride)  or  quinine,  and  with  jjeneralized  lymph  node  enlarfiement. 
Eschars  were  more  carefully  sought  for,  and  ulcers,  without  a  scab,  were 
found  in  the  groins  and  axilla  (fig.  8).  By  tlie  time  that  agglutinins  for 


.\FIP  l)-44-4ti 

Figcke  n. — ’‘t  Uer'’  eschar  on  rifilit  axilla  in  tsntsuKamushi  fever  on  ir)tli  day  of  illness, 
.■{(Ktd  Station  Hospital,  Dohodnra  area,  Tapua. 

Protem  OX-K  appeared  in  the  blood,  the  tem])erature  curve  had  become 
diagnostically  characteristic  in  cases  without  otlier  diagnostic  signs.  One 
temperature  chart  (often  making  up  the  bidk  of  the  record  evacuated  with 
the  convalescent)  could  be  superimposed  on  another,  so  alike  were  they. 

In  one  series  of  ca.ses,"'  the  teiniierature  was  usually  SM)”  to  102°  F.  on  the  first  day 
of  illness.  There  was  a  rise  in  temperature  within  24  lamrs  to  100°  to  103°  F.,  and  dur¬ 
ing  the  days  that  followed,  the  4-hourl,v  chart  showed  a  swin;;in;t  temperature  with  daily 
remissions  from  00°  to  104°  F.  throusthout  the  illne.'^s,  suhsidiii};  hy  l.vsis  on  the  14th  to 
17th  days.  In  the  more  severe  ca.se.s.  for  the  first  3  to  5  da.vs  a  remittent  type  of  fever 
was  seen,  followed  hy  a  sustained  fever  up  to  10."»°  F.  until  recovery  or  death.  In  some 
fatal  ca.ses  a  remittent  fever  ranjrinfr  from  00°  to  100°  F.  was  recorded.  temptu-ature 
which  did  not  rise  above  103°  F.  was  .seen  in  a  few  fatal  cases. 

The  first  necropsies. — Inex[)erience  with  the  disease  and  lack  of  any  spe¬ 
cific  treatment  lent  jiarticnlar  interest  to  the  pathologist's  findings  in  the  first 

Wllliiinis.  S.  W.,  Sinclair,  A.  .1.  M..  and  .Tarkson.  A.  V. :  Mltc-Bornc  (Scrnb)  T.viihiis  in  Papua 
and  the  itandated  Tcrritor.v  of  New  Guinea  :  Report  of  Cases.  Med.  .1.  Australia  2  ; 

18  Xov.  1944. 
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seven  necropsies  performed  in  December  1942  and  January  1943  at  Port 
Moresby  by  (’apt.  (later  Maj.)  Austin  J.  Corbett,  MC.®  He  reportetl  three 
groups  of  findings,  as  follows: 

1.  An  acute  diffuse  myocarditis,  with  perivascular  and  intei'stitial  infil¬ 
tration  with  plasma  cells,  macrophages,  and  lymphocytes,  as  a  constant  and 
characteristic  finding.  Damage  to  the  myocardial  fibere  varied  in  degi-ee. 
Ai'teriolar  walls  showed  thickening,  degeneration,  and  intramural  round-cell 
infiltration. 

2.  In  the  lungs,  alveolar  septa  were  infiltrated  with  mononuclear  cells 
in  a  perivascular  arrangement,  and  the  vascular  endothelium  within  the  septa 
was  swollen  and  fragmented. 

3.  In  the  brain,  perivascular  proliferation  of  glial  cells  and  infiltration 
with  lymphocytes  were  observed;  the  endothelium  of  smaller  blood  vessels 
was  swollen,  and  several  vessels  showed  intramural  round-cell  infiltration. 

Cardiac  findings  and  prognosis. — ^The  finding  of  a  diffuse  myocardial 
lesion  at  autopsy,  and  the  occasional  finding  of  gallop  rhythm  and  “soft" 
heart  sounds  on  physical  examination  of  the  precariously  balanced  patient  in 
the  second  and  third  weeks  of  fever,  gave  rise  to  much  concern  about  the  con¬ 
valescent’s  prognosis.  In  the  rear  hospitals,  in  Australia,  convalescents  were 
examined  carefully  for  evidence  of  residual  cardiac  damage  and  insufficiency 
and  were  found  to  have  none.  Pending  the  accumulation  of  enough  data  to 
support  a  general  policy  of  sending  all  but  the  most  hard-hit  cases  back  to 
duty,  the  majority  of  convalescents  were  returned  to  duty  following  maximum 
hospitalization  benefit. 

THE  SECOND  PHASE:  INVESTIGATIONS  (1943) 

A  second  phase  in  l".S.  Army  experience  with  scrub  typhus  began  in  the 
summer  of  1943.  The  occurrence  of  cases  from  month  to  month,  without  sea¬ 
sonal  incidence,  was  unremitting  among  combat  and  service  troops,  which 
were  increasing  in  number  as  the  bases  were  developed  along  the  north  coast 
of  New  Guinea  to  Finschhafen.  The  New  Guinea  hospitals  had  become  more 
stabilized,  facilitating  the  study  of  cases.  This  period  saw  clinical  and  epi¬ 
demiological  studies  carried  out  by  a  group  of  investigators,  headed  by  Dr. 
Francis  G.  Blake,  working  under  the  auspices  of  the  United  States  of  America 
Typhus  Commission,  and  it  saw  also  the  development  of  preventive  measures 
to  protect  troops  from  scrub  typhus. 

Clinical  study. — It  will  be  noted  in  table  12  that  cases  were  diagnosed 
w’ithout  letup  during  the  spring  and  summer  of  1943.  Base  B,  which  included 
Dobodura  and  Oro  Bay,  Papua,  became  a  hive  of  activity  with  ever-increasing 
nunil>ei’s  of  troops  moving  into  camp  areas  in  the  base.  Between  1  August 
and  1  December  1943,  248  patients  with  scrub  typhus  were  admitted  to  Base  B 
hospitals.  The  mortality  in  these  cases  was  2.4  percent.  From  a  study  of  a 
group  of  20  cases,  most  of  them  at  the  363d  Station  Hospital,  Dr.  Blake  and 


•s  Corbi'tt,  A.  J. :  Scrub  Typhus.  Bull.  U.S.  Army  M.  Dept.  No.  70.  pp.  34-54,  November  1043. 
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his  collaborators  constructed  an  exemplary  word  picture  of  the  disease,  as 
follows :  ^ 

The  characteristic  early  syinptttuis  and  physical  sisins  of  mite  typhus  at  onset  and 
during  the  first  5  to  7  days  of  the  disease  aire  heaidache.  apathy  and  };eneralize<l  nnilaise. 
fever,  relative  bradycardia,  anorexia,  wnjunctival  coiiRestion,  lymphadenitis,  often  «»- 
gional,  and  eschar.  Although  the  diagnosis  nmy  be  susiMH*te<l  from  the  general  symptoms 
and  physical  .signs  together  with  a  normal  or  low  leukocyte  count,  only  the  pre.sence  of 
a  typical  eschai-  is  suHlciently  pathognomonic  to  establish  the  diagnosis  at  this  stiige  of 
the  disease.  .•quently,  the  whole  body  surface  should  l)e  scrutinized  in  detail  with 

adequate  li  unless  this  is  done,  the  eschar  may  be  easily  overlooked  if  It  is  located 

in  the  less  y  accessible  areas. 

Commoniy,  l>etween  the  fifth  and  eighth  days  a  characteristic  macular  or  maculo- 
papular  rash  appears  on  the  trunk  ami  may  later  spread  to  the  extremities.  It  should 
be  borne  In  mind,  however,  that  although  the  development  of  a  rash  tends  to  confirm  the 
suspecte<l  diagnosis,  rashes  sufficiently  similar  to  that  of  mite  typhus  to  cause  confusion 
may  at  times  occur  In  dengue  and  other  infections. 

The  subsequent  course  of  tsutsugiimushi  disease  after  the  first  week  may  lie  rela¬ 
tively  mild,  with  no  recognizable  evidence  of  the  more  .serious  a.spects  of  the  disea.se,  and 
with  a  total  febrile  period  of  12  to  14  days:  or  moderately  severe  with  signs  of  pneumo¬ 
nitis  and  encephalitis  and  recovery  by  lysis  early  in  the  third  week ;  or  severe  to  ex- 
tremel.v  severe  with  febrile  course  of  approximately  3  weeks’  duration.  S.vmptoms  ami 
signs  of  more  severe  pneumonitis  and  encephalitis  are  con.stant.  Evidence  of  peripheral 
circulatory  collapse  are  common  and  signs  of  myocarditis  may  appear.  Hepatitis  and 
nephritis  sometimes  complicate  the  picture.  Thromlmses  and  cerebral  or  ga.strointestinal 
hemorrhage  may  take  place.  Death  is  not  Infrequent  in  the.se  severe  cases,  particularly 
in  older  individuals,  but  the  majority  recover  by  lysis  during  the  latter  half  of  the 
third  week. 

Laboratory  studies  have  confirmed  the  already  known  fact  that  the  Weil-Felix  test 
becomes  jiositive  for  Proteus  OX-K  about  the  12th  to  14th  day  of  the  disease  in  the 
majority  of  cases  but  that  not  all  patients  develop  agglutinins  for  this  organism  in  a 
diagnostic  titer  of  1  in  1(50  or  higher.  Rickettsia  orient alis  (tsutsugamushi)  may  readily 
be  recovered  from  the  bhaid  of  patients  during  the  acute  stage  of  the  di.sea.se  by  the 
intraperitoneal  Inoculation  of  0.2  to  0.3  ml.  of  blood  into  white  mice.  Both  of  these 
laboratory  proce<lures,  if  positive,  establish  the  diagnosis,  but  a  negative  Weil-Felix  test 
for  Proteus  DX-K  does  not  exclude  mitelMirne  typhus. 

The  total  leukocyte  count,  usually  within  the  normal  range  during  the  first  week  but 
sometimes  showing  a  leukopenia,  tends  to  increase  during  the  second  week.  In  cases 
progressing  favorably,  this  leukocytosis  is  commonly  due  In  large  part  to  a  progressive 
Increase  in  the  absolute  number  of  lymphocytes. 

Limited  observations  on  the  blood  chemistry  of  the  miteborne  typhus  of  New  Guinea 
have  .shown  that  hypochloremia,  a  moderate  but  not  critical  reduction  in  .serum  albumin, 
a  rise  in  serum  globulin,  and  a  diminution  in  plasma  fibrinogen  tend  to  occur  during  the 
height  of  the  disease. 

The  treatment  of  mite  t.vphHs  consi.sts  primaril.v  of  complete  be<l  rest,  good  nursing 
care,  adequate  diet,  fluid  and  salt  intake,  and  the  judicious  and  selective  use  of  sympto¬ 
matic  dnig,  supportive,  and  oxygen  therapy  only  when  specifically  indicated.  Penicillin 
is  Ineffective. 

Blake  and  his  coworkers  particularly  emphasized  the  localization  above 
thigh  level  of  the  eschar,  or  primary  ulceration,  present  in  all  20  of  their  cases. 
This  is  in  contradistinction  to  the  bites  of  mites  causing  scrub  itch,  on  the 


7  S«e  footnote  1,  p.  111. 
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ankles  and  sliins.  This  observation  tallied  with  that  of  the  Australians  at 
Port  Moresby  ((?">  pereent  on  arms,  axilla,  neck,  and  trunk).  They  empha¬ 
sized  further  (1)  the  abstmce  of  si<rns  of  rijrht -sided  heart  failure,  (2)  the 
picture  of  a  true  rickettsial  pneumonitis,  with  which  physical  sijrns  and  find 
in<rs  at  autopsy  are  in  keepin*;.  and  the  relation  of  cyanosis  and  pulmonary 
conjrestion  to  pneumonitis,  rather  than  to  myocardial  insutticiency. 

Durin};  the  spriiifr  and  summer  of  Australian  patients  were  held  at 
the  ^reneral  hospitals  in  I’in  t  More.sby,  as  American  patients  were  not,  makin^r 
possible  certain  observat ions  on  (**2(>  cases'^  tbat  added  to  the  clinical  picture. 

.Siffnita-jiMfly.  as  rcfrard.s  «-fUji‘sc.  a  few  rases  were  rtH-o^liiized  in  aiiilnilatnry  patients 
init  slek  enoutth  to  ro  off  duty,  l»ut  later  showiuR  aaglutinins  to  Prutiiin  OX-K  of  1:  12.") 
or  higher  (taken  as  a  niininiuin  diagnosti<-  titer  in  this  series).  Xo  relapse  of  fever 
jittrilnitaltle  to  the  rickettsial  infection  was  ol(serve<l.  Among  symptoms,  macules  were 
nof«Ml  on  the  .soft  palat**.  in  asstxdation  with  the  t.vj)ical  rash  over  the  hody. 

In  the  severe  cases,  cardiova.scular  .ahiiormalities  such  as  faint  systolic  murmurs, 
tic-tac  sounds,  gallop  rhythm,  tach.vcardia,  hypotension,  and  pulsus  altermins  were  m-ca- 
sionaliy  ohs«*rve<i.  lleiisurements  of  venous  pressure  ami  electrocardiographic  stud,v  diil 
not  .sjM'ak  for  m,vo<anlial  insufficiency  or  clinically  demonstrahle  myocarditis.  Hearts 
t‘xamine4l  microscopically  in  patients  dying  in  the  sixth  week  of  complications  not  refer- 
ahle  to  circulatory  ap(>aratus  .showed  no  infiltration  or  fihrosis. 

(’.vanosis  and  increa.sed  re.spirator,v  rate  accomiainied  the  development  of  abnormal 
physical  signs  in  the  lungs,  which  did  not  include  those  of  consolidation  unless  there  was 
s*H'ondar.v  infwtion.  atelectasis,  or  infarction.  I'ulmonary  Infarction  was  a  late  compli¬ 
cation  to  l)e  re<‘kone<l  with. 

In  the  .severel,v  ill.  mental  symptims  uniformly  api)eare<l  from  about  the  0th  to  the 
10th  day :  apathy  was  more  common  than  restless  irritability  and  insomnia.  Nerve  deaf¬ 
ness  was  present  in  00  cases,  and  could  Ite  expected  to  l>e  transient,  lasting  only  a  week, 
raresis  of  the  shoulder  girdle  mu-scles  and  sensory  changes  in  arms  and  legs  were  oh- 
.serve<l  during  <'onvalescence.  Tremors  of  the  hamls  apitearing  in  the  difficult  second  week 
were  rare  hut  striking,  in  one  instance  simulating  the  tremor  of  ])arkinsonism.  Exami¬ 
nations  of  cerebrospinal  fluid  (00)  reveadetl  an  increase  in  pressure  (ahouf  100  mm.)  In 
less  thiiu  half  the  individuals  tappetl;  incren.se  in  lymphocyte  count  was  infrequent 
(7  ca.s)*s). 

Mortalit,v  continued  to  vaary  much  during  the  period  of  investigaation ;  it  ro.se  from 
1  to  li  perceiat  in  the  fii'st  200  cases  to  2ii  pea’cent  in  the  next  150  cases,  comprising  soldiers 
exhausted  h,v  we<*ks  of  Jaaragle  coiaabat,  aim!  hamlicapptHl  hv  .slow  evacaaation.  For  the  next 
270  cases.  laiortaalifx  waas  7.2  percent.  This  vai',vitig  nnirtality  gives  a  fairer  picture  than 
the  overall  figure  for  020  caases,  0.7  pei’ceait. 

If.  prior  ta>  evacaiaafion.  the  soldier  was  serioaasI,v  ill  h,v  the  sixth  daa.v,  or  had  already 
haad  0  days  of  fevea-,  it  waas  thought  wiser,  if  possible,  to  treat  hian  “where  he  lies,”  rather 
than  subject  hian  to  evacuation.  Most  patients  were  treated  in  convalesceaice  in  the  exiaect- 
aaaacy  that  they  would  he  fit  to  return  to  duty  wihin  12  weeks  from  onset  of  their  illness. 

Lipniaii.  ('asey,  Byron,  and  Evans  reported  a  study  of  *200  patients  ob¬ 
served  at  the  362d  Station  Hospital  in  Base  B  between  February  and 
February  1944.®  The  clinical  picture  in  their  cases  conformed  with  Blake's. 
Their  extensive  experience  permitted  observation  of  complications  that  should 

8  Sep  footnote  6,  p.  115. 

'•  I.iiunnn.  B.  1...  Cnsp.v.  .A.  V’.,  B.vron.  R.  A.,  and  Evans.  E.  C. :  Scrub  T.vphiis  :  Results  of  a  Stiid.r 
of  tlip  Cases  of  Two  Hundred  Patients  Adn)ltt<*d  To  anil  Treated  At  a  Station  Hospital  Between 
Feb.  9.  194,1,  and  Feb.  4.  1944.  War  Med.  6:  304-315,  Noveinb«>r  1944. 
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be  borne  in  mind;  that  is,  plenral  effusion,  5  percent;  periplieral  neuritis, 
ulnar.  5  percent;  thrombophlebitis.  5  percent;  and  pulmonary  and  splenic 
infarction,  each  *2.5  percent.  The  mortality  in  their  200  cases  was  10  j>ercent. 
They  emphasize  the  point  made  by  the  Australians  at  Port  Moi*esby.  that 
combat  troops  who  will  or  must  disregard  early  symptoms  of  scrub  typhus 
are  those  with  whom  it  goes  hard.  The  older  age  group  tolerated  the  on¬ 
slaught  of  scrub  typhus  less  well  than  did  those  younger.  Si.\  of  the  thirteen 
officers  in  this  series  died;  four  of  the  six  were  over  35  yeare  of  age.  In 
therapy,  these  authors  recommend  the  following:  (1)  A  lumbar  puncture  for 
relief  of  meningisrnus  and  cerebral  symptoms  associated  with  an  elevated 
spinal  fluid  pressure,  (2)  treatment  of  incipient  and  established  iieripheral 
vascular  failure  with  oxygen  and  intravenous  plasma,  and  (3)  penicillin  for 
secondary  bronchopneumonia  complicating  the  rickettsial  pneumonitis. 

Irons  and  Armbrust,  at  the  3d  Medical  Laboratory  in  Base  B.  extended 
their  observations  on  the  Weil-Felix  i-eaction  to  a  series  of  74  cases  of  scrub 
typhus.’® 

Of  this  series.  86  percent  developed  blood  agglutinins  for  Proteua  OX-K. 
Controls  with  other  febrile  diseases  gave  negative  reactions.  In  general,  how¬ 
ever.  the  incidence,  maximum  titer,  and  duration  of  the  reaction  were  in- 
vei-sely  proportional  to  the  severity  of  the  disease.  Only  2  of  the  7  fatal  cases 
showed  a  positive  Weil-Felix  reaction  during  their  clinical  course;  the  maxi¬ 
mum  titer  was  1:80.  Patients  with  less  than  18  days  of  fever  were  more 
likely  to  develop  a  titer  of  1 ;  160  or  over  than  were  those  with  longer  febrile 
periods.  The  initial  Weil-Felix  reaction  occurred  at  approximately  the  l7th 
day  of  the  disease,  after  the  peak  in  severity  of  clinical  manifestations,  or 
during  obvious  clinical  improvement. 

Accordingly,  the  authors  concluded  that  the  Weil-Felix  reaction  is  of  no 
value  in  prognosis.  For  diagnosis,  no  absolute  level  could  be  given,  but  a  rise 
and  fall  in  serial  tests  proved  helpful  in  some  cases.  That  a  negative  reaction 
does  not  exclude  scrub  typhus  was  indicated  by  isolation  of  the  causative 
micro-organism  in  some  cases  with  no  OX-K  titer. 

Epidemiological  study. — In  addition  to  delineating  the  clinical  features 
of  scrub  typhus,  Blake  and  his  coworkers  clarified  the  epidemiological  back¬ 
ground  of  the  disease,  as  follows: 

An  analysis  of  the  occurrence  of  cases  among  American  forces  in  an  advanced  base 
area  near  Buna  on  the  northeast  coast  of  New  Guinea  Indicated  that,  although  the  disease 
was  c(»ntracted  in  widely  scattered  localities,  some  were  more  dangerous  than  others.  It 
al.so  indicated  that  the  exposure  to  Infection  was  associated  with  activities  which  t)rought 
men  into  intimate  contact  with  field  conditions,  such  as  those  which  prevail  in  bivouacs 
or  in  establishing  camps.  During  the  periml  of  this  study  in  the  Dobodura  area,  the 
environments  in  which  human  infec'tions  were  known  to  have  originated  were  kunai  grass 
fields,  in  which  natural  conditions  were  undisturbed  at  the  time  of  occupation.  From  the 
time  distribution  of  onset  of  cases  of  the  disease  it  was  clear  that  maximum  risk  was 
experienced  during  the  first  week  or  two  following  arrival  of  a  unit  in  a  new  area.  This 


10  Irons,  E.  N.,  and  Armbrust,  C.  .Ir. :  Relation  of  the  Well-Fellx  Reaction  to  the  Clinical 
Course  of  Tsutsugamushi  Disease.  Bull.  U.S.  .Army  M.  llept.  5  :  85-95.  January  1946. 
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risk  (UHTeasMHl  progress! vt>ly  so  that  after  the  fourth  or  fifth  week  the  liieitleiwe  IsH-aine 
siMiratlie  or  eeastsl  entirely,  and  the  site  eouhl  is*  cK'eupie«l  with  impunity  thereafter. 

IhH-liue  iu  the  attack  rate  couhl  not  lie  expluiue<l  as  due  t(*  the  accumulatioii  of 
iiuiuuue  individuals.  It  therefore  was  prohai>ly  ilue  to  de<-rease<l  exi»osure  to  hites  of 
.some  .si)ei-ij»s  of  larval  mites  that  .s»>rv«sl  as  vec  tors.  1  hH  rea.se  in  exisisure  was  correlattsl 
with  progiHHssive  changes  prodiKssl  by  development  and  use  t>f  the  lampsite.  Kviilently, 
the  conditions  thus  created  were  unfavorable  to  continued  activity  and  survival  of  the 
v*H‘tt»r  sisH'ies. 

In  attempting  to  identify  this  v«H-tor  siasMes.  collections  of  larval  mites  were  made 
not  only  in  hwalitles  where  ca.ses  had  originated  and  extensive  environmental  changes 
taken  pla»“e.  hut  also  in  Icwalities  where  the  environmettt  ap|>eare<l  to  Ite  simitar  but  where 
the  natural  conditions  remaiiuHl  u  ml  i. star  las], 

•  **••*• 

*  •  •  tile  ol»s**rvations  made  are  consistent  with  the  hyjKithesis  that  either  7’rom- 

bifulii  fli'tchrri  or  Troiiihiculti  watchi.  or  Isith.  may  .serve  as  ve<'tors  in  this  area.  Fur¬ 
thermore.  by  tiKiuse  imn  illation.  It.  orirntaliM  was  rei-overtsl  from  two  jmioIs  of  mites 
(V.  firtrhrri)  collated  from  two  bandicmits.  llrain  tissue  from  thes«*  .same  atiiinals, 
inJ*H't*Hl  into  wliite  niic*>  faihsl  to  priHliHH*  a  rickettsial  lnfe<-tlon.  In  view  of  this  tiegative 
r«*sult  atid  tlie  fact  that  gem*ratlon-to-generatlon  transfer  of  R.  oricntali*  occurs  in  iiiiteH. 
the  evidence  dot's  not  incriminatt*  tin*  bandicoot  as  a  r<*servolr  host. 

This  coiieepr  of  bivouacs  and  the  esialtlishuient  of  campsites  as  the  back- 
jrround  of  scriil)  typhus  was  entirely  in  keeping  with  U.S.  Army  exi)erience 
diirinp  1043.  elsewhere  than  at  Dol^dura.  On  5  Septemlter  1043.  the  503d 
Parachute  Infjintry  Kejriment  jum|)ed  in  the  Markham  Valley  terrain  which 
included  much  ojien  {rrnssy  country  with  kumii  grass  prevailing.  The  regi¬ 
ment  remained  in  jungle  combat  for  about  12  days.  By  Octolier.  37  cases  of 
scrub  typhus  had  appeared."  For  the  next  5  to  6  months,  cases  continued  to 
occur  as  areas  were  developed  around  the  Xadzah  airstrips  northwest  of  Lae 
in  northeast  New  Guinea. 

Outbreaks. — In  November  1043.  an  epidemic  of  .scrub  typhus  bmke  out  on 
Goodenough  Island,  north  of  Papua,  chiefly  in  a  hospital  area  situated  in 
kunai  gras.s.  For  the  first  few  nights  after  arrival  in  the  area,  personnel  lived 
under  conditions  prevailing  in  the  field.  This  was  a  serious  outbreak.  Sev¬ 
enty-five  ca.ses  occurred  on  the  island  over  the  .suKsequent  4  months,  most  of 
them  in  December.  The  mortality,  25  percent,  was  uniquely  high  and  cannot 
l)e  adequately  explained  with  the  knowledge  at  hand.  The  patients  were  not 
in  combat  and  were  not  exhausted  when  stricken.  With  each  successive 
beachhead  taken,  cases  of  scrub  typhus  develojml.  The  landing  at  Cape 
Gloucester  in  the  Bismarck  Archijielago  was  made  in  December  1943.  At  the 
3()th  Evacuation  Hospital,  104  cases  were  re|>orted  in  February  with  5  deaths; 
in  March,  there  were  51  cases  with  8  deaths.  The  mortality  was  8.3  i)ercent 
for  these  New  Britain  cases,  more  in  keeping  with  the  Dobodura  series.’®  It 
is  well  to  note,  however,  that  in  the  first  3  months  of  1944  the  363d  Station 
Hospital  at  Dobodura  had  60  cases  of  scrub  typhus,  of  which  9  ended  fatally, 
a  mortality  of  15  percent,  in  contrast  to  an  average  of  7.1  percent  for  the 

11  See  footnote  3,  p.  112. 

11  Quiirterl.v  Report.  Surgeon,  3«>th  Braciiatkm  IIoMpital  (S<>miinobile),  Soutbweat  Pacific  Area, 
1  Jan.-31  Mar.  1944. 


81'HUK  TYl'Ilrs 


121 


DolxMlura  i-egion.**  Eight  of  the  deaths  occurred  in  the  first  35  cases  admitted 
after  transfer  from  tlie  combat  areas  several  hundi’ed  miles  to  the  west.  The 
patient  sick  with  scrub  typhus  did  not  tolerate  evacuation  well. 

Following  the  landing  at  Saidor  in  northeast  Xew  (luinea  in  January 
1944,  ()1  cases  developed  in  March,  59  of  them  among  troops  on  patrols  or 
bivouacked  in  a  combat  ami.  At  Aitajie,  on  the  northwest  coast,  the  same 
story  held  true:  Landings  on  22  April  and  33  cases  of  scrub  typhus  in  May, 
52  in  June,  and  continued  incidence  in  July  and  August.  Headquarters.  32d 
Infantry  Division,  proffeml  the  comments  that  the  cases  devehqied  in  fairly 
well  identified  ai’eas,  or  in  troops  on  patrol,  that  withdrawal  from  the  perime¬ 
ter  to  cleaml  areas  caused  a  dwindling  of  ca.ses.  and  that  uncleared  kunai 
grass  and  low’  sites  where  kunai  grass  and  underbrush  are  mingled  are  dan¬ 
gerous,  At  Hoitandia  in  Xefherlands  Xew  (luinea.  there  weie  scatteml 
cases;  43  of  the  140  rei>orted  for  the  Sixth  T’.S.  Army  in  June  originated 
there.  It  is  worthy  of  note  that  the  new  staging  area  for  tlie  32d  Division  at 
Ilollandia  was  burned  over  before  troops  were  allow’ed  to  move  into  it  in 
Septendier.  During  the  ensuing  month,  there  were  no  cases  reported  from 
this  area.  An  engineer  aviation  battalion  that  moved  into  Ilollandia  late  in 
April  reported  24  cases  with  7  deaths  in  May  and  June,  “due  to  sleeping  in 
kunai  grass,  since  no  tents  or  cots  were  available  the  firet  month.’*  The  small 
Wakde  Task  Force  that  captured  this  island  with  its  important  airstrip  in 
May  reported  a  few  cases  in  the  third  and  fourth  weeks  of  June.’^ 

It  is  to  be  noted  that  task  force  units  were  becoming  familiar  w’ith  the 
type  of  terrain  to  be  avoided  and  the  dangers  of  sleeping  on  or  near  the 
ground  in  uncleared  areas  likely  to  harbor  infected  mites.  Meanwhile,  active 
measures  for  personnel  protection  of  the  soldier  were  in  preparation. 

THE  THIRD  PHASE:  PEAK  OF  INCIDENCE  AND  CONTROL  MEASURES  (1944) 

The  subsequent  epidemics  at  Owi  and  Biak  (in  the  Schouten  Islands) 
and  at  Sansapor  (in  Netherlands  New  Guinea)  mark  a  third  period  in  Army 
experience  with  scrub  typhus,  in  which  (1)  the  disease  first  assumed  pro|)or- 
tions  serious  from  a  military  point  of  view,  (2)  new'  ecological  types  of  foci 
ap|)eared,  and  (3)  procedures,  long-planned,  were  directed  at  energetic  con¬ 
trol  of  the  epidemics. 

Outbreaks. — (*a.ses  fiiet  developed  on  Owi,  a  smalt  island  off  the  southern 
shore  of  Biak,  about  10  to  14  days  after  arrival  of  units  of  the  Army  Air 
Forces  early  in  June.  During  July  and  early  August,  as  much  as  one- 
fourth  to  one-third  of  the  effective  personnel  of  two  air  force  squadrons  on 
Owi  were  hospitalized  for  scrub  typhus.  On  nearby  Biak.  there  were  107 

'»  Kohlx.  G.  M..  ArmbniHt,  C.  A.,  Irono,  E.  N..  and  Philip.  C.  B. :  Stiidips  of  THiitHURamiiHlii  DiNPasp 
(.Scrub  Typimsi,  Mitc-Bornc  Typhus)  in  New  Guinea  and  Adjacent  Islands:  Further  Observations  on 
Kpideniioiney  and  EtioloB.v.  Am.  J.  Hyg.  41  :  374-396.  May  1945. 

<1>  (Quarterly  Re|)ort.  Surgeon.  Sixth  U.S.  Army.  Southwest  Pacific  Area.  1  Apr. -30  .Tune  1944. 
(2»  (Quarterly  Report.  .TJd  Infantry  Division,  plus  attarhc<i  units,  Southwest  Pacific  Area,  1  Jiiiy- 
30  Sept.  1944.  (3t  Quarterly  Report.  1913th  Engineer  Aviation  Battalion.  Southwest  Pacific  Area, 

1  .?an.-31  Mar.  1944. 
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cases  in  tl)e  ISOtli  Infantry  within  41  tlays  of  D-«lay,  .‘V2  of  them  from  one 
company  enjrajred  in  patrol  in  the  island  hills.*'’*  (Vrtain  units  were  unable 
to  function  effectively  until  replacements  were  st>cure<l.  Owi  and  liiak  are 
coralline,  with  hare  ri<l}res  juhI  porous  outcrops,  very  little  swampy  land, 
no  kunai  flats,  and  few  open  frrassy  area.s.  Even  where  there  is  little  top¬ 
soil.  as  on  Owi,  <lenst‘  underbrush,  ferns,  and  many  immense  rottin};  lojrs 
provide  cover  and  moisture  for  mites.  AVith  New  (iiuinea  exjwrience  as 
precedent,  scrub  typhus  was  not  exjH'cted  in  this  tyj)e  of  terrain.  The  first 
cases  were  relatively  mihl.  eschars  were  infre(pient,  and  thest‘  fevers  of  un- 
determine<l  ori^rin  were  not  dire<*tly  I’ecopnized  as  s«‘rid)  typhus.  They  weiv 
thoufrht  on  Owi  to  l)e  den<rue  fever  until  typical  cases  of  .s<‘rul)  typhus  a|)- 
peared,  and  Citha‘  moscpiitoes  were  found  to  l>e  scarce.  The  risk  on  Owi 
lay  in  the  slowness  in  clearing  of  campsites.  A  contributing  factor  was  the 
necessity  for  using  all  available  Indhlozers  for  the  construction  of  airstrips. 
Men  leaving  clothes  on  rotting  logs,  when  swimming  in  the  ocean,  may  al.so 
have  contributed.  On  liiak.  seveix‘  fighting  in  uncleai*ed  areas,  seeking  cover 
in  thick  underbrush,  and  patrolling,  all  contributed  to  exposure  to  the  in¬ 
fected  mites. 

Members  of  the  U.S.A.  Typhus  C'ommission  arrived  at  Owi  .soon  after 
scrub  typhus  was  recognized,  and  encouraged  the  sj)eedy  clearing  of  camp¬ 
sites  and  sanding  of  tent  floors,  together  with  inipregnation  of  clothing. 
Emulsions  of  dimethyl  phthalate  were  made  available  and  all  j)ersonnel  were 
equipped  with  treated  clothing  within  2  weeks  of  arrival  of  the  re|>ellent.“’ 
The  fall  in  incidence  in  the  various  units  expressed  the  sum  of  the  effect  of 
control  measures.  On  liiak.  similarly,  the  41st  Infantry  Division  was  in 
impregnated  clothing  by  the  .second  week  in  August  and  camj)  areas  were 
cleared.  The  scrub  typhus  rate  fell  appreciably  in  the  latter  part  of  .Vu- 
gust,*^  The  absorbingly  interesting  .story  of  the  development  and  in.stitu- 
tion  of  preventive  measures  against  scrub  typhus  are  recountetl  in  another 
volume  in  the  history  of  the  Medical  Department  in  AVorld  AVar  1 1.'** 

The  Owi-lViak  outbreak  included  at  least  1,0S0  cases,  which  passed 
through  the  l)2d  Evacuation  Ilo.'^pital.  The  mortality,  0.7  percent,  was  low. 
and  many  ca.ses  were  milder  than  had  l)een  the  experience  in  Papua.*'*  No 
ill  effects  were  noted  from  the  air  evacuation  to  Nadzab  or  Fin.'^chhafen  of 
convalescents  5  days  or  more  after  defervescence. 

The  Sansapor  task  force  landed  at  the  western  extremity  of  New  (tuinea 


IS  KHst'nOiil  Tt'rhniciil  MtMlionl  Data.  I'.S.  Army.  S«‘rvi<M‘(*  of  Su|i|il.v.  Southwest  I’aclflo  .\r<-a.  for 
Soptonihor  liM-l. 

Lt'ttcr.  I.t.  Col.  Cornollus  H.  I’tiUip.  SuC.  to  Siircoon.  I'.S.  Army  Forc*‘s  In  flio  Far  East,  ."i  .\njr. 
1944,  subji-ol  :  Sonih  Typlms  on  Owl  and  lUak  Islands. 

i"  Monthly  Sanitary  Hoport.  4tsf  [iifnntr.r  IMvlsIon.  Offlc«‘  of  Surp'on.  Sonlliwcst  I’acific  .Vri-a, 
OcfolM'r  1944. 

If*  Philip.  Cornclins  H.  :  Srrnb  Typhus  and  Scrub  Itch.  In  Medical  Ih-partmcnt.  I'nitcd  States 
.\riuy.  I’rcventivc  Medicine  in  World  War  II.  Voliiiue  Vll.  Coniinunleal.le  Diseases:  .Irtbropodborne 
Diseases  Othi'r  Thau  Malaria.  [In  preiiaration.] 

t”  (Quarterly  Keporf.  Siirjreon.  !>2d  Evacuation  Ilospitnl  (Semimobile),  Southwest  I’aelWe  Aren. 
1  .luly-.'ht  .S«‘pt.  1944. 
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on  30  July  1944.^®  On  6  August,  the  first  case  of  scrub  typhus  developed, 
an  unusually  short  incubation  period.  The  outbreak  was  explosive  (13i 
cases  by  D+13)  and  a  cause  of  serious  depletion  in  strength.  In  one  bat¬ 
talion,  17  j)ercent  (125  cases)  were  stricken.  Impregnated  clothing  appeared 
to  be  definitely  protective,  when  used.  In  all,  about  931  cases  (data  are  in¬ 
complete)  were  reported  in  the  course  of  53  days  at  Sansapor,  with  a  mor¬ 
tality  of  3.4  jjercent.  Attempt  was  made  to  avoid  a  long  1,200-mile  air 
evacuation  until  patients  were  afebrile.  This  led  to  much  congestion  at  the 
one  functioning  evacuation  hospital  but  was  doubtless  the  better  part  of 
wisdom  in  view  of  tlie  earlier  experience  in  the  Cape  Gloucester  and  Aitape 
operations.  At  Sansapor,  it  was  noted  that  areas  of  infection  were  found 
particularly  in  abandoned  plantations  or  native  gardens  filled  with  a  rank 
growth  of  grass.  These  areas,  as  at  Owi-Biak,  represented  a  different  type 
of  focus  from  those  seen  theretofore,  and  apparently  in  this  instance  a  highly 
infected  type,  to  judge  from  the  high  incidence  of  e.schars  and  the  recovery 
of  li.  tmfsuffdimishi  from  white  mice  injected  with  material  from  each  of 
three  lots  of  rat  mites. 

Convalescence  and  disposition. — ^The  base  hospitals  to  which  the  Xew 
Guinea  cases  were  evacuated  continued,  over  the  course  of  the  20  months 
from  January  1943  to  August  1944,  to  determine  the  disposition  of  con¬ 
valescent  cases.  Many  ambulatory  convalescents  complained  on  admission  of 
rapid  heart  rate  and  short windedness  on  slight  exertion.  Some  litter  cases 
were  slow  to  mobilize  themselves.  At  the  105th  General  Hospital  in  Aus¬ 
tralia,  Levine  carried  out  observations  on  130  convalescents  and  found  no 
evidence,  by  physical  examination,  electrocardiogram,  roentgen  examination, 
or  by  measurements  of  vital  capacity  or  venous  pressure,  of  persistent  myo¬ 
cardial  damage.^^ 

Exercise  tolerance  tests  gave  mediocre  results,  which  could  be  contributed 
to,  commonly,  by  a  prevalent  anxiety  state.  Patients  whose  heart  rates  were 
rapid  prior  to  a  road  march  returned  from  a  5-mile  march  with  normal 
heart  rates.  Such  a  functional  test  appeared  more  reliable  than  a  “Schneider 
index”  determination.  Of  this  series  of  130  patients,  117  were  returned  to 
full  duty. 

A  critical  evaluation  by  Howell  of  the  233d  Station  Hospital,  at  Xadzab, 
of  electrocardiograms  in  190  convalescents  from  scrub  typhus  (92  percent 
within  1  to  4  weeks  after  subsidence  of  fever)  and  10  acute  cases  revealed  no 
significantly  abnormal  electrocardiographic  patterns.^  There  were  minor 
deviations  from  normal,  to  be  sure,  and  these  were  all  too  often  exaggerated 
in  importance  by  the  unwaiy  observer.  But  they  were  no  more  frequent  than 

=®(1)  See  footnote  I.*?,  p.  121.  (2)  Quarterly  Report,  Surgeon,  Headquarters,  Sixth  U.S.  Army, 

Southwest  Pnoifle  Area,  1  July-30  Sept.  1944. 

=il.,evlne.  H.  D. :  Cardiac  Complications  of  Tsntsngamnsbl  Fever  (Scrub  T.vphus)  ;  ,\n  Investiga¬ 
tion  of  Their  Persistency.  War  Med.  7  :  76-81,  February  1945. 

22  Howell,  W.  n. :  Absence  of  Electrocardiographic  Changes  in  Tsutsugamushl  Fever  (Scrub 
Typhus).  Report  of  200  Consecutive  Cases.  Arch.  Int.  Med.  76 :  217-218,  October  1945. 
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have  been  found  in  a  series  of  tracings  from  approximately  500  healthy 
ytung  adults. 

In  the  summer  of  15)44,  at  the  instigtuion  of  (’ol.  Bruce  P.  Webster, 
MC,  then  Surgeon,  Base  E,  a  reconditioning  program  for  scab  typhus  con¬ 
valescents  was  set  up  at  the  5)0th  Station  Hospital.  Three  hundred  and 
twelve  unselected  and  successive  patients  were  classified  on  admission  with 
regjird  to  their  capacity  for  exereise.-'*  Only  8  percent  were  considered  to  be, 
properly,  bed  cases.  These  patients  had  been  evacuated  chiefly  from  Owi- 
Biak,  Sansapor,  and  Aitaiie.  They  had  averaged  4  weeks  prior  hospitaliza¬ 
tion.  In  rare  cases,  there  was  residual  hypesthesia  and  deafness.  Tachy¬ 
cardia,  tremors  of  the  hands,  and  giddiness  were  frequent.  At  the  comple¬ 
tion  of  a  purposeful,  graded  reconditioning  program,  303,  or  07  percent,  were 
returned  to  full  duty,  after  an  average  of  1  month  in  this  hospital.  These 
patients  were  symptom  free  on  discharge,  the  majority  with  weight  regained. 
Nine  patients  were  evacuated  to  the  rear  because  of  associated  disabilities, 
not  referable,  directly  to  scrub  typhus. 

This  policy  of  returning  the  scrub  typhus  convalescent  to  duty  was  thus 
supported  as  experience  with  the  disease  increased  in  1044.  Few  such  soldiers 
were  subsequently  evacuated  for  inability  “to  stand  the  gaff”  of  field  duty. 
Technical  Memorandum  No.  10,  Headquarters,  United  States  Army  Forces  in 
the  Far  East,  dated  20  August  1944,  declared  it  official  policy  (1)  that  in 
patients  who  have  safely  reached  convalescence  from  scrub  typhus,  complete 
recovery  is  to  be  expected,  (2)  that  permanent  physical  defects  resulting 
from  the  disease  are  exceptional,  (3)  that  physical  reconditioning,  with  un¬ 
equivocal  reassurance  that  there  is  no  residual  heart  damage,  will  expedite 
recovery  of  stamina,  and  (4)  that  patients  who  require  a  month  or  more  of 
full  physical  reconditioning  should  be  transferred  for  that  purpose  to  the 
newly  established  training  center  at  Oro  Bay. 

The  concept  of  the  part  that  the  myocardial  lesion  plays  in  scrub  typhus 
had  thus  changed  materially  from  that  which  prevailed  early  in  1943  when 
the  first  cases  were  observed,  precariously  ill,  and  at  post  mortem.  Berry. 
Johnson,  and  Warshauer,-**  reporting  experience  with  85  cases  and  110  con¬ 
valescents  in  two  New  Guinea  station  hospitals  between  20  December  1943 
and  20  June  1944,  drew  the  following  conclusions: 

1.  Clinically,  there  is  no  severe  irreversible  myocardial  damage. 

2.  Peripheral  vascular  collapse  in  the  severely  ill  patient  poses  the  thera¬ 
peutic  problem,  not  myocardial  failure;  the  clinical  picture  is  analogous  to 
that  of  shock  and  should  be  treated  accordingly. 

3.  Circulatory  symptoms  in  convalescence  are  no  more  pronounced  than 
after  any  severe  infection. 

*3  Romeo,  B.  J. :  Convalescence  From  Scrub  Typhus.  Bull.  U.S.  Army  M.  Dept  6 :  167-173, 
August  1946. 

Berry,  M.  Q.,  Johnson,  A.  S.,  Jr.,  and  Warsbauer,  S.  £. :  Tsutsugamushi  Fever ;  Clinical  Obser¬ 
vation  In  One  Hundred  and  Ninety-five  Cases.  War  Med.  7 :  71-75,  February  1945. 
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4.  The  patient  should  not  be  given  the  impression  that  he  has  any  heart 
disease. 

The  soundness  of  this  polic}^  was  borne  out  by  the  report  from  one 
general  hospital  in  the  Zone  of  Interior  that  examination  of  such  patients  as 
were  returned  from  overseas  with  the  diagnosis  of  myocarditis  following  scrub 
typhus  fever  definitely  indicated  their  disability  to  be  that  of  neurocirculatory 
asthenia. 

Settle,  Pinkerton,  and  Corbett  reviewed  the  pathological  changes  from 
55  fatal  cases  of  scrub  typhus  occurring  in  American  troops  in  Papua,  Nether¬ 
lands  New  Guinea,  and  adjacent  islands.  They  reassert  that  generalized  acute 
vasculitis  was  a  constant  finding.  But  they  note  that  although  myocarditis 
was  present  in  all  cases,  it  was  severe  in  only  about  half  the  patients,  more 
commonly  in  those  dying  relatively  early,  between  the  9th  and  12th  days  of 
illness.  They  suggest  that  in  these  severe  cases  myocardial  failure  may  con¬ 
tribute  to  fatality ;  yet  they  elect  to  emphasize  the  generalized  vascular  lesions 
and  the  concept  that  patients  with  rickettsial  vasculitis  may  die  of  peripheral 
circulatory  collapse.  They  di‘aw  attention  to  a  similar  conclusion  of  Wood¬ 
ward  and  Bland  from  their  cases  of  epidemic  lousebome  typhus  in  the 
Mediterranean  Theater  of  Operations,  U.S.  Army. 

IN  THE  PHILIPPINES  (1945) 

In  the  Philippine  Islands,  scrub  typhus  appeared  sporadically  during 
U.S.  Army  operations  2*  but  never  to  the  degree  of  military  importance  it  had 
assumed  at  Owi  and  Biak,  and  might  have  done  at  Sansapor  had  enemy  re¬ 
sistance  been  more  taxing.  Scrub  typhus  had  not  been  identified  in  the  Phil¬ 
ippines  prior  to  World  War  II.  Toward  the  close  of  the  Leyte  campaign,  late 
in  1944,  3  cases  were  reported  from  the  northern  end  of  the  island;  Fifty-one 
cases  were  reported  from  Samar,  where  units  of  the  Army  did  extensive  patrol 
duty  after  the  invasion  of  nearby  Leyte.  On  Mindoro,  experience  with  scrub 
typhus  followed  the  typical  course ;  Invasion  in  December  1944,  the  first  case 
admitted  to  hospital  12  days  after  the  initial  landing,  and  the  bulk  of  the  100 
cases  reported  in  January  and  early  February.  Sporadic  cases  continued  for 
the  next  3  months. 

On  Luzon,  rare  cases  were  identified  from  the  mountainous  country  east 
of  Manila  during  the  fighting  in  February  1945.  Diagnosis  was  based  on  the 
finding  of  classical  eschars  and  a  positive  Weil-Felix  reaction  with  the  OX-K 
strain  of  Proteus.  A  cluster  of  three  cases  appeared  early  in  May  in  one  in- 

23  Benjamin,  J.  E..  Porter,  R.  R.,  and  Dreisbach,  R.  H. :  Sudden  Death  in  Patient  Supposed  To 
Have  Myocarditis  Following  Scrub  Typhus.  BuU.  U.S.  Army  M.  Dept.  4  :  235-238,  August  1945. 

26  Settle,  E.  B.,  Pinkerton,  H.,  and  Corbett,  A.  J. :  A  Pathologic  Study  of  Tsutsugamushi  Disease 
(Scrub  Typhus)  With  Notes  on  Cllnicopathologic  Correlation.  J.  Lab.  &  Clin.  Med.  30:  639-661, 
August  1945. 

22  Woodward,  T.  E.,  and  Bland,  E.  F. :  Clinical  Observations  in  Typhus  Fever,  With  Special 
Reference  to  the  Cardiovascular  System.  J.A.M.A.  126 :  287-293,  30  Sept.  1944. 

28  Essential  Technical  Medical  Data,  U.S.  Army  Forces,  Pacific  (for  Western  Pacific  Area),  May 
and  June  1945. 
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fantry  ref^inient  enguj^ecl  in  battle  in  the  mountains  west  of  Ihiguio.  A  rising 
titer  of  OX-K  agglutination  was  prestmt  in  all  three  eases.  All  had  a  iyi>ieal 
rash  and  elinieal  course,  and  one  had  an  eschar.  Beginning  on  9  May  1945, 
cases  of  .scrub  typhus  were  recognized  in  a  regiment  engaged  in  a  beachhead 
landing  in  the  Bicol  Peninsula  in  the  southern  end  of  Luzon.  8'’.v  cases 
developed  in  the  course  of  a  week  and  four  more  in  the  follow’ing  foi-tnight. 
Eschars  were  present  in  only  2  of  the  10  cases,  but  clinical  coiwse.  rash,  and 
rising  ()X-K  titei-s  were  diagnostic.  During  the  combat  of  Negros  in  late 
April  and  May  1945,  si.x  cases  appeared  in  two  infantry  units,  all  with  eschars. 

These  reported  data  on  approximately  180  cases  are  inevitably  incomplete, 
for  they  do  not  include  patients  evacuated  from  Luzon  for  other  medical 
reasons  who  developed  scrub  typhus  en  route  to  or  after  arrival  at  New 
Guinea  base  hospitals.  Statistical  reports  on  Southwest  Pacific  Area  .scrub 
typhus  for  1945  include  258  ca.st‘s  up  to  1  June  (table  12)  with  a  mortality 
of  5.8  {)ercent.  There  was  nothing  unusual  in  the  clinical  picture  of  the  t-ases 
in  the  Philippine  Islands.  Plasma  and  blood  transfusions  were  iised  more 
frequently  than  in  New  Guinea  days,  to  forestall  or  alleviate  peripheral 
circulatory  collapse.  The  number  of  cases  so  treated,  however,  did  not  permit 
any  (‘omparative  study.  In  the  focal  areas  of  infection  sttidied,  as  on  Mindoro 
ami  Negros,  cogon  gra.ss  was  prevalent.  This  was  probably  not  .so  near 
Baguio.  Bearing  in  mind  the  Owi-Biak  exi>erience.  the  U.S.A.  Typhus  Com¬ 
mission  warned  that  any  environment  harboring  rats  infested  with  Trombi- 
culae  that  will  accept  man  as  a  casual  host  can  lie  a  potential  source  of  human 
infection. 

The  Philippine  experience  with  .'crub  typhus  made  it  clear  that  when  man 
exposes  himself  to  field  conditions  w'herein  he  may  become  an  accidental  host, 
scrub  typhus  will  appear  sporadically,  and  unpredictably,  in  hitherto  unre¬ 
ported  districts. 

South  Pacific  Area 

Before  the  war.  scrub  typhus  had  not  been  recognized  in  the  Solomon 
Islands.  The  first  case  was  identified  on  Bougainville  in  December  1943. 
Nine  more  cases  developed  in  January  1944.  AH  had  been  exposed  in  a 
bivouac  area  on  the  bank  of  the  Laruma  River.  Sporadic  cases,  11  in  numl)er, 
each  after  exposure  in  the  same  area,  developed  in  the  course  of  the  next  6 
months.  In  all  but  two  of  these  cases,  agglutinins  for  Proteus  OX-K  devel¬ 
oped  in  a  titer  of  1 : 160  or  higher. 

An  interesting  outbreak  of  mild  .scrub  typhus  developed  on  Bougainville 
in  a  Fijian  force  of  750  who  were  bivouacked  in  a  meadow  of  coar.se  grass 
between  riverbank  and  jungle  at  the  former  site  of  a  native  village.-®  From 
14  to  22  days  later,  49  patients  were  in  hospital  with  a  fever  that  averaged 
11  days’  duration.  An  eschar  typical  of  scrub  typhus  was  found  in  all  cases, 
and  was  above  the  legs  in  32  (  65  percent)  of  them.  Generalized  lymph  node 

29  Anderson,  W.  L.,  and  Wing,  W.  M. :  Tsut.sugamushi  Disease  (Scrub  Typhus)  ;  A  Clinical  Study 
of  49  Cases.  War  Med.  8;  163-166,  September  1943. 
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enlargement  was  constant;  the  eruption  was  present  in  45  percent  (22  pa¬ 
tients).  Bradycardia  was  the  rule.  Tachypnea  was  not  observed.  In  these 
Fijians,  in  whom  malaria  could  be  excluded,  the  splenic  enlargement  was 
made  out  in  the  course  of  the  second  week  in  approximately  40  percent. 
Protem  OX-K  agglutinins  were  present  in  24  cases,  or  about  50  j)ercent; 
only  5  had  titei’s  of  1:1.200  or  over;  19  ranged  from  1:50  to  1:200.  Two 
weeks  later,  another  patrol  of  the  same  strength  wearing  clothing  impregnated 
with  dimethyl  phthalate  bivouacked  in  the  same  area  with  no  resultant  cases 
of  scrub  typhus.  Two  months  later,  an  unprotected  patrol  went  into  the 
same  area.  After  they  came  out,  23  cases  of  scrub  typhus  appeared.  The 
available  evidence  suggests  that  this  was  a  localized  focus  of  mild  scrub 
typhus. 

India-Burma  Theater 

Before  the  outbreak  of  hostilities  in  1941,  there  had  been  considerable 
interest  in  Indian  Army  Medical  Services  in  cases  diagnosed  as  “fevers  of 
the  typhus  group.”  It  had  become  clear  that  there  were  two  types  in  the 
Simla  hill  country :  (1)  The  murine  or  flea  typhus  case,  developing  agglutinins 
for  Proteus  OX-19,  occurred  under  urban  conditions,  such  as  the  bazaar 
sections  of  the  cantonments,  and  (2)  scrub  or  mite  typhus,  with  agglutinins 
for  Proteus  OX-Kingsbury  strain,  occurred  sporadically  or  in  explosive  focal 
outbreaks  in  units  living  under  field  conditions,  particularly  in  scrub  jungle. 
Attempts  to  establish  the  presence  of  rickettsial  infection  in  a  larval  mite  had 
not  been  made,  nor  had  it  been  possible  to  isolate  a  strain  of  OX-K  typhus 
in  a  wild  rat.  The  rodent  reservoirs  of  mite  typhus  in  India  were  not  estab¬ 
lished.  The  disease  had  been  known  to  exist  in  Burma  since  1932. 

The  late  months  of  1943  marked  a  period  of  orientation  in  this  disease 
for  U.S.  Army  medical  officers.  During  November,  a  group  of  22  febrile 
patients  were  admitted  to  the  20th  General  Hospital  at  Ledo,  Assam.®®  The 
fever  Avas  intense,  associated  Avith  generalized  lymphadenopathy,  mild  con¬ 
junctivitis,  and  on  occasion  a  nonpetechial  rash,  appearing  on  the  fifth  to 
eighth  day.  Small  ulcers  or  crusted  papules  were  found  and  thought  to  mark 
the  bite  of  the  infecting  insect.  The  fever  lasted  8  to  20  days  The  first  Weil- 
Felix  reactions  were  negative,  save  for  a  few  agglutinations  of  OX-K  in  low 
titer.  IIoAA’eA'er,  these  patients,  mostly  Chinese  troops  in  active  training  for 
jungle  warfare,  Avere  considered  likely  cases  of  scrub  (mite)  typhus.  In 
Shingbwiyang,  Burma,  on  the  StilAvell  Road,  50  cases,  entirely  similar,  had 
appeareu  in  November.  By  1  February  1944,  352  cases  had  been  reported, 
35  of  them  Americans,  the  remainder  Chinese,  all  from  units  living  under  field 
conditions  along  the  Stilwell  Road.  Taa’o  centers  of  infection  where  troops 
had  been  in  training  were  incriminated,  one  of  them  the  center  of  the  jungle 
training  area  of  the  "‘2d  Chinese  Division,  the  other  a  campsite  much  fre- 

30  Letter,  Maj.  D.  S.  Pepper,  MC,  Assistant  Chief,  Medical  Service,  20th  General  Hospital,  to 
Surgeon,  Base  Section  3,  China-Burma-India  Theater,  9  Dec.  1943,  subject:  Report  on  Investigation 
of  “C.B.I.  Fever.” 
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quented  by  Clxinese  troops.  All  American  soldiers  with  scrub  typhus  had 
been  living  in  the  jungle.  By  December,  the  clinical  picture  had  taken  on  a 
definite  and  characteristic  pattern,  in  every  way  conforming  to  the  picture 
of  scrub  typhus  already  familiar  in  the  Southwest  Pacific  Area  and  to  the 
descriptions  of  tsutsugamushi  fever  in  Japan.  Eschar,  rash,  fever  curve, 
circulatory  symptoms  and  signs,  pneumonitis,  and  encephalitic  manifesta¬ 
tions  were  observed.  Agglutinations  in  high  titer  for  Protem  OX-K  were 
found. 

It  was  noted  that  the  foral  areas  from  which  most  of  these  Chinese  cases 
came  were  not  occupied  by  an  appreciable  number  of  troops  until  October 

1943.  During  each  of  the  last  2  weeks  of  November,  there  were  40  cases,  and 
this  rate  rose  to  60  per  week  through  December.  Incidence  dropped  off 
sharply  in  early  January,  following  rather  closely  the  movement  of  troops 
out  of  the  area. 

Earlier,  in  the  autumn  of  1943,  a  British  unit  in  the  India-Burma  theater 
had  121  cases  in  an  outbreak  that  began  9  days  after  moving  into  an  area  for 
training  exercises.®^  The  epitlcmic  subsided  directly  after  the  area  was  left, 
with  cases  continuing  in  the  unit  for  about  2  weeks.  The  description  of  their 
cases  was  in  all  respects  similar  to  the  Chinese  and  American  groups. 

Captured  Japanese  reports  revealed  that  the  enemy  in  Burma  was  en¬ 
countering  the  same  disease,  which  they  called  eruptive  fever.  They  recog¬ 
nized  similarity  to  tsutsugamushi  fever  but  did  not  find  the  eschar  frequently 
enough  to  warrant  making  this  diagnosis  in  Burma.  Their  mortality  rate 
is  not  given  save  in  the  comment — ^“very  low.”  This  incidence  among  the 
Japanese  is  all  the  more  interesting  in  the  light  of  our  repeatedly  negative 
reports  about  scrub  typhus  in  enemy  troops  in  New  Guinea. 

The  subsequent  story  of  scrub  typhus  among  American  troops  in  Burma 
is  de.scribed  in  a  comprehensive  report  by  Sayen,  Pond,  Forrester,  and  Wood 
from  the  20th  General  Hospital.®"  Up  to  July  1945,  there  were  726  cases 
reported  from  the  India-Burma  theater  in  U.S.  Army  personnel  with  52 
deaths,  a  mortality  of  7.2  percent.  Among  U.S.  Army  troops,  535  cases  were 
carefully  studied  at  the  20th  General  Hospital ;  472  of  these  Americans  were 
acutely  ill  on  admission.  There  were  27  deaths,  giving  a  mortality  of  5.7 
percent. 

Sayen  and  his  coworkers  point  out  that  a  more  intelligent  understanding 
of  the  severity  of  scrub  typhus  is  gained  from  grouping  their  cases  according 
to  the  circumstances  surrounding  the  successive  outbreaks.  Among  113 
American  soldiers  from  Services  of  Supply  units  installed  along  the  Ledo 
Road  who  developed  the  disease  sporadically,  the  mortality  was  approximately 
4  percent.  Among  105  patients  who  were  evacuated  by  air  from  active  jungle 
combat  in  the  mountains  north  of  Jlyitkyina,  Burma,  from  March  to  May 

1944,  the  mortality  was  16  percent.  This  group,  exhausted  by  the  stress  of 

•■>1  BluniKurt,  Herman  H.,  and  Pike,  George  M. :  History  of  Internal  Medicine  in  India-Burma 
Theater.  Chapter  on  Scrub  Typhus,  inclosure  5  thereto.  [OflBcial  record.] 

Sayen,  .7.  J.,  Pond,  H.  S.,  Forrester,  J.  S.,  and  Wood,  F.  C. :  Scrub  Typhus  in  Assam  and 
Burma  ;  A  Clinical  Study  of  Gl(i  Cases.  Medicine  25:  155-214,  May  194G. 
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fighting,  and  stricken  witli  scrub  typhus,  was  in  an  area  from  which  evacua¬ 
tion  was  difficult.  The  mortality  of  only  approximately  1.5  percent  among 
177  cases  evacuated  in  the  autumn  of  1944  from  troops  undergoing  jungle 
training  north  of  Myitkyina  must  be  related  to  speedy  hospitalization  in  the 
forward  area,  and  early  evacuation  to  a  general  hospital.  This  group  was 
in  far  better  physical  condition  than  the  combat  troops  of  the  second  group. 
In  a  fourth  group  of  77  cases,  evacuated  from  combat  south  of  Bhamo,  Burma, 
in  January  and  February  1945,  the  fatality  rate  rose  again  to  7  percent. 
Evacuation  for  this  group  was  as  difficult  as  for  the  Myitkyina  combat  group, 
marching  after  onset  of  fever  again  being  unavoidable.  The  patient’s 
pretyphus  state  of  health  and  quality  of  early  care  were  vital  in  prognosis. 

The  typical  march  of  symptoms  developed  in  all  of  these  cases.  Effort  on 
the  part  of  Sayen  and  his  coworkers  to  classify  the  cases  according  to  severity 
warrants  quotation,  as  follows: 

In  the  average  case  of  scrub  typhus,  during  the  first  week  there  were  no  signs  by 
which  the  probable  outcome  could  be  determined.  Occasionally  a  high  fever  at  this  time 
indicated  a  severe  course.  During  the  second  and  third  weeks,  however,  certain  phenom¬ 
ena  appeared  which  justified  placing  the  patient  in  “severe”  or  “grave”  groups  with 
respective  mortalities  of  approximately  25  and  50  percent.  However,  until  the  disease  was 
definitely  on  the  decline  one  could  not  be  sure  that  the.se  features  would  not  appear. 
Consequently,  the  diagnosis  of  “mild”  or  “moderate”  scrub  typhus,  which  carried  prac¬ 
tically  no  mortality,  was  not  justified  until  defervescence  was  established.  *  *  * 

A  case  of  scrub  typhus  was  assigned  to  the  “severe”  group  on  the  basis  of  any  one 
of  the  following: 

(1)  An  alarming  increase  of  the  general  evidences  of  illness  in  the  second  week. 

(2)  More  than  the  usual  amount  of  fever:  Over  a  w'eek  of  peaks  to  104”,  or  105” 
for  more  than  2  days. 

(3)  Frank  clinical  signs  of  dysfunction  of  an  important  organ: 

(a)  Signs  of  “typhus  pneumonitis”:  Respirations  36  per  minute  for  2  days:  cyano¬ 
sis  of  the  skin. 

(b)  Signs  of  meningoencephalitis:  Severe  delirium;  meningismus. 

(c)  Signs  of  nephritis:  .\zotemia  over  50  mgm.  percent,  isosthenuria,  heavy  albu¬ 
minuria  and  cylindruria. 

(d)  Marked  enlargement  of  the  heart  or  sharp  T-wave  inversion  in  the  electro¬ 
cardiogram. 

(e)  Pitting  edema  with  or  without  ascites. 

(f)  Multiple  hemorrhagic  phenomena. 

The  appearance  of  any  of  these  phenomena  indicated  that  statistically  the  patient’s 
chances  of  survival  had  been  reduced  from  19  in  20  to  about  3  in  4. 

A  severe  case  of  scrub  typhus  was  considered  in  the  “grave”  group  on  the  basis  of 
one  of  the  following  findings : 

(1)  A  steady  increase  of  illness  during  the  third  week. 

(2)  Very  high  fever:  105”  for  5  days  or  106®  for  2  days. 

(3)  Signs  of  severe  dysfunction  of  more  than  one  vital  organ,  or  evidence  of  severe 
infiammation  of  the  central  nervous  system  and  the  lungs.  Of  these,  the  most  common 
were  the  following: 

(a)  Extensive  pneumonitis:  Persistent  cyanosis  out  of  oxygen  [tent];  respiratory 
rate  50  per  minute  for  2  days,  or  over  36  per  minute  for  a  week. 

(b)  Encephalitis:  Malignant  restlessness,  Cheyne-Stokes  respiration,  a  convulsion, 
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(c)  Severe  nephritis :  Anuria. 

(d)  Tachycardia  exceeding  130  per  ininnte. 

The  appearance  of  these  phenomena  Indicated  that,  statistically,  the  patients’  chances  for 
survival  were  25  to  50  i)ercent.  We  have  never  seen  a  patient  recover  whose  cyanosis 
was  unrelieved  by  oxygen  or  who  had  persistent  hyperpnoea,  pulmonary  edema,  or  coma 
lasting  24  hours. 

In  their  discussion  of  the  clas-sical  signs,  laboratory  findings,  and  treat¬ 
ment  of  scrub  typhus,  Sayen  and  his  coworkers  bring  out  the  following  inter¬ 
esting  points  that  tally  with  or  supplement  findings  recorded  in  the  Southwest 
Pacific  Area. 

1.  The  finding  of  an  ulcer  or  papule  that  later  became  a  typical  mite 
ulcer  1  to  14  days  prior  to  onset  of  symptoms  w’as  not  uncommon.  The 
presence  ( 60  percent  of  200  cases)  or  character  of  the  eschar  or  ulcer  had  no 
relation  to  the  severity  of  the  disease,  or  to  the  OX-K  titer.  In  only  27  per¬ 
cent  was  the  primary  lesion  on  the  thighs  or  below. 

2.  Increasing  generalized  enlargement  with,  usually,  tenderness  of  the 
lymph  nodes  was  an  early  development  in  all  but  6  of  the  200  patients,  and 
was,  in  fact,  the  most  constant  of  the  main  diagnostic  clinical  signs. 

3.  The  eruption  (7l  percent  of  cases)  involved  the  trunk  always,  the  face 
in  15  percent.  Generally  of  4  to  9  days’  duration,  it  might  outlast  the  fever. 
A  few  rashes  were  florid  or  purpuric.  There  was  no  relation  of  the  rash  to 
the  severity  of  the  disease. 

4.  Ophthalmoscopic  examination  revealed  engorgement  of  retinal  veins 
in  67  percent  of  cases  in  the  first  and  second  weeks,  progressing  to  bilateral 
edema  of  the  retina  and  optic  nerve  head  in  36  percent,  with  retinal  hemor¬ 
rhage  and  exudate  in  a  few  instances.  Retinopathy  of  this  sort  was  absent  in 
other  febrile  disease,  and  was  actually  helpful  in  the  early  diagnosis  of 
atypical  cases,  later  confirmed  by  the  OX-K  agglutination  reaction.®® 

5.  Bronchial  rales,  changing  in  location,  appeared  in  “mild”  and  “mod¬ 
erate”  cases,  did  not  of  themselves  indicate  a  rickettsial  pneumonitis. 

6.  Brief  periods  of  gallop  rhythm  were  not  evidence  of  a  prognostically 
important  degree  of  intei’stitial  myocarditis. 

7.  Agglutination  titers  for  Proteus  OX-K  of  1 ;  100  were  not  seen  except 
in  scrub  typhus.  About  half  of  a  series  of  200  cases  failed  to  have  this 
“diagnostic”  titer.  It  was  helpful  diagnostically  in  isolated  atypical  cases. 
In  epidemics,  a  “clinical”  diagnosis  was  generally  made  before  agglutination 
became  positive  (about  the  14th  day,  on  an  average). 

8.  Cerebral  malaria  was  the  disease  of  chief  importance  to  exclude  in 
differential  diagnosis  of  the  case  without  conclusive  signs  of  scrub  typhus. 

9.  Roentgen  examination  of  the  chest  in  scrub  typhus  cases  often  failed 
to  indicate  the  extent  and  severity  of  the  rickettsial  pneumonitis.  Intermittent 
dyspnea  at  rest,  then  persistent  tachypnea,  and  cyanosis  relieved  initially  by 
oxygen  comprised  a  march  of  signs  more  valuable  than  physical  findings  in 

•*3  Kor  a  farther  diacuasion  of  the  ocular  manifestations  of  scrub  typhus  (new  and  original  work) 
see  Medical  Department,  United  States  Army.  Surgery  in  World  War  II.  Ophthalmology  and  Oto¬ 
laryngology.  Washington  ;  U.S.  Government  Printing  Office,  1957,  pp.  141-144. — J.  B.  C.,  Jr. 
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the  chest  or  roentgen  examination  in  establishing  the  presence  of  pneumo¬ 
nitis. 

10.  Cardiac  enlargement,  sharp  T-wave  inversion  with  or  without  RS-T 
elevation  (11  percent  of  61  cases  suspected  of  cardiac  complication),  and 
persistent  gallop  rhythm  were  not  found  to  be  necessarily  evidence  of  ill  omen. 
Dangerous  rickettsial  myocarditis  could  not  be  diagnosed,  prior  to  final  col¬ 
lapse,  save  by  inference  of  precedent.  No  patient  with  T-wave  inversion 
died;  three  cases  who  had  tracings  before  death  showed  no  electrocardio¬ 
graphic  abnormality. 

11.  Spinal  fluids  in  27  patients  with  signs  of  meningeal  irritation  were 
under  increased  pressure  (average  230  mm.  of  water).  Ten  had  increase  in 
cells,  generally  lymphocytes ;  three  had  a  polynuclear  pleocytosis  with  negative 
cultures.  Spinal  fluid  protein  levels  were  elevated  (68  to  156  mg.  percent,  in 
four  cases). 

12.  Convulsions  occurred  in  12  patients,  of  whom  3  were  not  considered 
dangerously  ill  until  the  convulsive  seizure. 

13.  Spontaneous  diuresis  late  in  the  febrile  course,  or  at  the  onset  of 
convalescence,  was  observed  in  38  percent  of  200  cases;  the  largest  diureses 
were  seen  in  the  sicker  patients  with  edema  (10  percent  of  face,  hands,  shins, 
and  feet),  and  with  ascites.  It  constituted  a  reassuring  prognostic  sign. 

14.  Hypochloremia  was  little  modified  by  parenteral  saline  therapy.  Re¬ 
turn  to  normal  blood  chloride  levels  occurred  in  convalescence,  regardless  of 
therapy. 

15.  In  convalescence,  thrombophlebitis  and  pulmonary  embolism  were 
occasional  complications.  Pleurisy  developed  in  10  percent  of  200  cases; 
effusions,  if  present,  were  small,  sterile;  fever  lasted  only  4  days,  and  evidence 
of  pleurisy  was  generally  gone  in  a  week. 

16.  In  treatment. — (1)  The  mildest  appearing  case  in  the  first  week 
should  be  prepared  by  absolute  bed  rest  for  an  unpredictably  severe  ordeal 
in  the  second  week.  (2)  An  adequate  number  of  experienced  nurses  is  of 
vital  importance  to  see  that  small  frequent  feedings  are  taken,  fluids  pushed 
(minimum  of  3  liters  daily),  and  severely  ill  patients  protected.  (3)  Salt 
administration  can  be  overdone;  it  may  aggravate  edema.  (4)  Oxygen  should 
be  giA'en  by  mask  preferably ;  when  given  by  nasal  catheter,  it  did  not,  in  the 
average  case,  relieve  cyanosis.  (5)  Rectal  paraldehyde,  30  cc.  in  oil,  was  the 
best  sedative  for  “malignant  restlessness,”  and  might  make  it  possible  for  the 
cyanotic  patient  to  tolerate  oxygen  by  mask,  and  prevent  exhausting  exertion. 
(6)  Digitalis  was  not  used.  (7)  Penicillin  was  of  no  avail  save  in  the  pres¬ 
ence  of  a  complicating  bronchopneumonia.  (8)  The  concept  of  peripheral 
circulatory  collapse  was  not  raised;  intravenous  plasma  was  not  used  with 
this  in  mind.  (9)  Intravenous  fluids  were  given  when  indicated,  carefully, 
and  without  untoward  incident. 

As  experience  with  scrub  typhus  increased,  confidence  grew  in  the  con¬ 
valescent’s  ability  to  cope  with  the  demands  of  duty.  Patients  with  mild  and 
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motlerate  cases  (less  than  3  weeks  of  fever)  were  informed  soon  after  defer¬ 
vescence  that  they  were  returning  to  their  units  and  were  gradually  recondi¬ 
tioned  for  discharge  about  3  to  4  months  from  the  onset  of  illness.  Patients 
who  liad  been  gravely  ill  were  evacuated  to  the  Zone  of  Interior.  The  severe 
cases  were  appraised  individually.  Of  the  last  300  cases,  82  percent  were 
returned  to  full  duty.  No  evidence  of  residual  myocardial  damage  was  de¬ 
tected  during  reconditioning. 


PATHOLOGY 

Although  a  nximber  of  reports  *■*  dealt  wdth  the  pathology  of  scrub  typhus, 
the  most  comprehensive  study  was  i>erfornied  at  the  Army  Institute  of 
Pathology  (now  the  Armed  Forces  Institute  of  Pathology),  Washington,  D.C., 
by  Maj.  Arthur  C.  Allen,  MC,  and  Dr.  Sophie  Spitz.®®  These  workers  under¬ 
took  to  study  the  lesions  not  only  of  scrub  typhus,  but  also  of  louseborne 
typhus.  Rocky  Mountain  spotted  fever,  and  Q  fever  in  order  to  determine 
whether  the  various  rickettsial  diseases  could  be  differentiated  histologically. 
After  careful  study  of  the  histological  preparations  and  protocols  of  78  cases 
of  scrub  typhus,  24  cases  of  epidemic  typhus,  12  cases  of  Rocky  Mountain 
spotted  fever,  and  lung  sections  from  2  cases  of  Q  fever,  the  authors  made 
the  following  observations: 

1.  The  primary  lesion,  or  eschar,  is  consl<lered  to  be  provoke<l  by  the  conibimHi  action 
of  the  s<'<'reti<»n  of  (he  larval  mite  ami  the  inoculatetl  ricketbsiae.  It  is  suggested  that 
the  absence!  of  the  eschar  in  rertaiu  instaiK-es  of  scrub  typhus  may  In*  due  to  variations 
in  cutaneous  immunity. 

2.  Interstitial  pneumonitis  of  a  marked  degree  is  common  in  scrub  typhus  in  contra.st 
with  epidemic  typhus  and  Uocky  Mountain  spotted  fever.  The  histologic  picture  of  the 
interstitial  pneumonitis  of  scrub  typhus  is  indistinguishable  from  that  of  Q  fever,  rheu¬ 
matic  fever,  toxoplasmosis,  and  viral  pneumonia. 

:i.  It  is  concluded  that  the  amount  of  hepatic  damage  as  noteil  histologically  detes  not 
warrant  the  presumption  that  hypoproteineniia  is  due  to  hepatic  Insufficiency. 

4.  Early,  acute,  diffuse  glomerulonephritis  is  common  in  scrub  typhus,  epidemic 
typhus,  and  Uocky  Mountain  spotte<i  fever.  The  indirect  role  of  the  rickettslae  in  the 
pa(hogeiie.si.s  of  the  glomerulonephritis  is  Indicated. 

r>.  The  focal  encephalitis  or  nodule  of  scrub  typhus  is  qualitatively  similar  to  that 
of  epidemic  typhus  and  is  in  contrast  to  the  '‘microinfarct”  of  Rocky  Mountain  sp<*tted 
fever.  The  nodules  of  scrub  typhus  and  epidemic  typhus  are  practically  limited  to  the 
gray  matter,  whereas  the  encephalitis  of  spotted  fever  involves  the  white  matter  pre¬ 
ponderantly. 

0.  Contrary  to  the  generally  held  impression,  there  is  a  sparsity  of  histologically  evi¬ 
dent  vascular  damage  in  scrub  tjphus.  Arteritis  is  exceedingly  .slight  in  .scrub  typhus  In 
contrast  with  epidemic  typhus  and  Uocky  Mountain  spotterl  fever.  Accordingly,  it  is 
suggested  that  the  designation  “diffuse  vasculitis”  when  applied  to  scrub  typhus  represents 
an  oversimplifleatiou  not  justifleil  by  the  morphologic  evidence. 

7.  It  is  concluded  that  the  peripheral  circulatory  failure  in  pjitients  with  rickettsial 
diseases  is  a  complex  phenomenon  which  cannot  l)e  explalne<I  solely  on  the  basis  of 


M  See  footnotes  p.  and  ZU,  p.  125. 

ss  Allen,  A.  C.,  and  Spitr,,  S.  :  A  Comparative  Study  of  the  Pathology  of  Scrub  Typhus  (Tsutsuga- 
mnshi  Disease)  and  Other  RlckiUtsial  Di.«eases.  Am.  J.  Path.  21  :  60.1  681,  .Tuly  1946. 
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morphologic  damage  of  vessels.  The  contributory  role  of  the  adrenal  gland  in  the  circu¬ 
latory  failure  is  suggested. 

8.  The  evidence  of  lymphoblastic  origin  for  the  cells  characterizing  the  interstitial 
infiltrate  is  presented.  The  identification  of  the  large  “basophilic  macrophage’’  with  the 
“acute  splenic  tumor  cell”  is  suggested  and  the  evidence  pointing  toward  the  association 
of  these  cells  with  an  allergic  response  is  given. 

Finally,  Allen  and  Spitz  proposed  a  much  broader  pathological  concept 
of  the  rickettsioses  than  that  generally  held  at  the  time  of  their  studies,  as 
follows : 

From  the  pathologic  point  of  view,  the  rickettsioses  have  long  been  regarded  as  a 
form  of  diffuse  vascular  disease.  Surely,  this  impression  is  almost  inescapable  after  a 
study  of  epidemic  typhus  and  spotted  fever.  However,  the  histology  of  scrub  typhus 
may  perhaps  warrant  a  change  in  the  direction  of  emphasis.  Although  focal,  more  or 
less  bland  thrombophlebitis  in  scrub  typhus  Is  not  uncommon,  actual  arteritis  occurs 
rarely,  and,  in  our  series,  was  never  of  the  fibrinoid  variety  seen  in  louse-borne  or  tick- 
borne  typhus.  Moreover,  the  arteritis  of  scrub  typhus  does  not  seem  to  be  a  lesion  sui 
generis,  but,  rather,  appears  to  be  secondary  to  an  extension  of  the  periarterial  infiltrate 
into  the  wall.  This  Interpretation  was  made  previously  by  Kouwenaar.  Yet,  notwith¬ 
standing  the  disparity  in  the  histologic  evidences  of  vascular  damage,  there  are  basic 
clinical,  etiologic,  and,  in  many  respects,  immunologic  similarities  between  scrub  typhus 
and  the  other  rickettsioses.  Therefore,  perhaps,  a  re-evaluation  of  the  significance  of  the 
pathologic  changes  is  in  order.  A  close  analogy  to  this  problem  is  found  in  a  nonrlckett- 
sial  disease — acute  disseminated  lupus  erythematosus  (Libman-Sacks  disease).  The  promi¬ 
nence  of  the  degeneration  of  vessels  in  many  organs  led  initially  to  the  concept  that  this 
entity  was  a  diffuse  vascular  disease.  However,  further  studies  prompted  a  broader 
concept;  namely,  that  disseminated  lupus  erythematosus  w’as  in  effect  a  disturbance  of 
collagen,  be  it  of  a  vessel,  a  cardiac  valve,  or  a  serous  membrane.  Moreover,  the  histo¬ 
logic  and  clinical  pictures  were  such  as  to  suggest  a  hyperergic  reaction.  The  analogy 
may  be  extended  by  reference  to  periarteritis  nodosa  and  to  the  arteritis  that  follows 
administration  of  sulfonamides.  In  other  word.s,  in  the  over-all  view  of  the  pathologist, 
the  more  remote,  possibly  hyperergic  effects  of  the  rickettsine — the  effects  of  the  adrenal 
gland,  on  the  glomeruli,  and  on  the  production  of  interstitial  inflammation — assume  more 
importance  than  the  direct  damage  wrought  by  the  localization  of  the  rickettsiae. 

LABORATORY  AIDS  IN  DIAGNOSIS 

The  Weil-Felix  reaction. — In  1929,  Fletcher,  Lesslar,  and  Lewthwaite,^ 
while  studying  two  forms  of  tropical  typhus,  discovered  a  serological  differ¬ 
ence  which  proved  to  be  of  considerable  diagnostic  value.  They  found  that 
sera  obtained  from  cases  of  rural  typhus  agglutinated  in  high  dilution  suspen¬ 
sions  of  the  Kingsbury  (K)  strain  of  Proteus,  in  contrast  to  sera  in  urban 
typhus  cases,  which  agglutinated  the  Proteus  OX-19  micro-organisms.  Sub¬ 
sequent  studies  showed  the  rural  form  to  be  the  miteborne  scrub  typhus  and 
the  urban  form  to  be  murine  ( fleaborne)  typhus. 

During  World  War  II,  the  Weil-Felix  reaction  was  extensively  employed 
in  the  laboratories  of  U.S.  Army  medical  installations.  Observations  at  the 
Virus  and  Rickettsial  Diseases  Laboratory,  Army  Medical  Center,  Washing- 

.16  Fletcher.  W..  Lesslar.  J.  E..  and  T>ewthwaite,  R. :  The  Aetiology  of  the  Tautsugamushl  Disease 
and  Tropical  Typhus  In  the  Federated  Malay  States.  Tr.  Roy.  Soc.  Trop.  Med.  &  Hyg.  23  :  57-70, 
June  1929. 
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ton,  clearly  iiulicated  the  Proteus  OX-K  ajrjrhitination  was  not  elicited 
by  sera  from  other  rickettsial  diseases,  and  was,  therefore,  a  valuable  diagiios- 
tic  aid  for  scrub  typhus*^ 

Meanwhile.  Zanifonetis.*'*  workinjr  ii»  the  Cairo  lalK)ratory  of  the  U.S.A. 
Typhus  (\>ininission,  carrie<l  out  a  series  of  studies  in  typhus-vaccinated  in¬ 
dividuals  to  determine  what  serolojjical  effects  may  result  fnmi  vaccination 
alone.  Only  one  instance  of  OX-K  agglutination  was  found,  and  there  was 
no  chaufje  in  titer  following  booster  vaccination.  He  concluded  that  typhus 
vaccination  did  not  cause  an  increase  in  OX-K  antibodies. 

Proteus  OX-K  anoint inat ion  tests  were  also  j^erformed  on  serial  blood 
specimens  from  104  acutely  febrile  patients  who  had  l)een  previously  vacci¬ 
nated  witli  rox-ty|)e  epidemic  typhus  vaccine.  No  anamnestic  reactions  weiv 
detected  in  these  studies. 

The  final  phase  of  these  observations  was  concerned  with  the  serolofjical 
findinjis  in  typhus  fever  patients  who  develo|)ed  their  illness  despite  prior 
vaccination  with  (''o.x-type  epidemic  typhus  vaccine.*"  Apain,  such  patients 
wei*e  found  not  to  develop  agglutinins  for  suspensions  of  Proteus  OX-K. 

Thus,  there  apj>eared  to  l)e  no  need  to  modify  the  previou.sly  held  inter¬ 
pretation  of  rising  OX-K  titers,  that  this  finding  was  es.sentially  specific  for 
.scrub  typhus.  However,  in  tests  on  sera  from  51  cases  of  louseborne  relapsing 
fever,  Zanifonetis.  Ingraham,  and  Berry  found  that  all  patients  had  Proteus 
OX-K  titers  of  1:40  or  more  in  at  least  one  serum  specimen.  The  titers 
ranged  from  1 : 40  to  1 : 2.560.  These  workers  suggested,  therefore,  that  “since 
there  is  considerable  overlapping  in  tlut  geographic  distribution  of  tsutsuga- 
mushi  disease  and  lou.seborne  relapsing  fever,  it  l)ecomes  necessary  to  interpret 
Weil-Feli.x  OX-K  results  with  caution,  particularly  when  atypical  cases  of 
either  disease  are  in  question.” 

Complement  fixation  tests. — At  the  outset  and  well  into  World  War  II, 
the  Weil-Felix  Proteus  OX-K  agglutination  test  was  the  only  available  sero¬ 
logical  test  of  value  in  the  diagnosis  of  scrub  typhus.  It  was  fortunate  that 
this  nonrickettsial  antigen  appeared  to  be  specific  for  scrub  typhus  with  the 
single  excej)tion  of  louseborne  relapsing  fever  that  has  l)een  noted.  In  view 
of  important  progress  in  the  development  of  s|)ecific  rickettsial  antigens  for 
use  in  complement  fixation  and  agglutination  tests  for  other  rickettsial  dis¬ 
eases.  it  was  anticipated  that  similarly  successful  results  would  follow  with 

riot*.  II.,  Wertinnn,  K.,  and  Bpnnptt,  B.  L. :  Tho  S4>roIof:!cal  Pattorn  In  Rpideinic  Typliua  Fover. 
II.  Tile  Woll-Felix  Rrartlon.  DlTlaion  of  Virus  and  RIckottHlal  DiaeaHCs,  Army  Medical  School,  Army 
Medical  Center,  Washington.  D.C.,  1944.  [Onicial  nn-ord.] 

■■w  (1)  Zanifonetis,  C.  J.  I>. :  Serologic  Studies  In  Typhus-Vaci'lnated  Individuals.  I.  The  Effect 
of  a  Stimulating  Dose  of  Typhus  Vai-clne  on  the  Weil-Felix  and  Complement-Fixing  Antibodies. 
J.  Immunol.  .51  :  .ItW-aTI,  November  194.’».  (2>  Zarafonetis,  C.  ,T.  D. :  Serologic  Studies  in  Typhus- 

Vaccinated  Individuals.  II.  The  Effect  of  Non-Typhus  Fevers  on  the  Weil-Felix  and  Complement- 
Fixing  Antibodies.  J.  Immunol.  51  :  375  .188.  Decimiber  1945. 

Zarafonetis,  C.  ,T.  !>.,  Ecke,  R.  S.,  Yimmans.  A.,  Murray,  E.  S..  and  Snyder,  .1.  C. :  Serologic 
Studies  in  Typhus-Vaccinated  Individuals.  III.  Weil-Felix  and  Complement-Fixation  Findings  in  Epi¬ 
demic  Typhus  Fever  Occurring  in  the  Vaccinatiil.  J.  Immunol.  !i3  :  15-30,  May  194(1. 

■•o  Zarafonetis,  C.  J.  D.,  Ingraham.  H.  S..  and  Berry.  J.  F. :  W’cll-Fellx  and  Typhus  Complement- 
Fixation  Testa  in  Relapsing  Fever,  With  S|ieclal  Referenci*  to  B.  profeut  OX-K  .Vggliitinatlon.  J.  Im¬ 
munol.  .52  :  189-199.  March  1940. 
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scrub  typhus  antigens.  Bengtson,^*  at  the  National  Institute  of  ^iealth,  U.S. 
Public  Health  Service,  was  the  first  to  prepare  satisfactory  complement  fixing 
antigens  from  infected  eggs  by  a  technique  similar  to  that  used  for  ej)idemic 
typhus.  Additional  experience,  however,  revealed  that  there  were  significant 
antigenic  differences  between  various  strains  of  It.  tmtsu^gamiishi.  Because 
of  these  differences,  diagnostic  complement  fixation  tests  on  human  sera  i-e- 
quire  the  use  of  several  antigens  prepared  from  different  strains  of  It.  tsutm- 
(fammhi.  Thus,  while  the  complement  fixation  test  became  available  for  scrub 
typhus,  its  use  was  limited  essentially  to  research  laboratories  during  World 
War  II. 

Isolation  and  identification  of  strains. — Diagnosis  of  scrub  typhus  by 
isolation  of  strains  is,  of  course,  absolute  in  contrast  to  the  presumptive  nature 
of  serological  tests.  Isolation  of  strains  is  also  desirable  for  laboratory  com¬ 
parison  of  immunity  relationships  between  strains,  for  possible  vaccine  pro¬ 
duction,  and  for  the  preparation  of  antigens  for  serological  tests.  In  addition, 
strains  may  be  used  in  the  laboratory  evaluation  of  chemotherapeutic  agents 
proposed  for  the  treatment  of  scrub  typhus.  To  these  ends,  therefore,  strain 
isolations  were  carried  out  by  several  groups  of  workers  in  World  War  II 
and  returned  to  adequately  equipped  laboratories  for  j)ertinent  study.'*^ 

Prior  to  these  efforts,  attempts  to  isolate  and  serially  transmit  tsutsuga- 
niushi  disease  in  laboratory  animals  gave  negative  I'esults  in  the  hands  of 
many  investigators.  Japanese  workers  had  been  successful  with  rabbits,  using 
intraocular  injections.  Mice  were  later  found  to  be  readily  susceptible  but 
were,  unfortunately,  not  available  for  use  in  the  field  laboratories.  Guinea 
pigs  were  susceptible  to  many  tsutsugamushi  strains,  but  apparently  not  to 
others.  This  was  the  situation  in  January  1944,  when  the  Imphal,  Ceylon, 
and  Calcutta  strains  of  scrub  typhus  were  received  in  the  Cairo,  Egypt,  lab¬ 
oratory  of  the  U.S. A.  Typhus  Commission.  These  strains  had  been  main¬ 
tained  at  the  district  laboratory  in  Calcutta  and  at  the  Haffkine  Institute  in 
Bombay,  India,  by  British  workers  and  were  forwarded  to  Brig.  Gen.  Leon 
A.  Fox,  Field  Director,  U.S.A.  Typhus  Commission,  by  Lt.  Col.  M.  H.  P. 
Sayers,  RAMC.  The  strains  were  received  in  rabbits,  infected  intraocularly, 
and  were  maintained  for  several  passages  in  rabbits.  The  infectivity  of  these 
strains  for  two  desert  rodents,  namely,  GerbUlm  'pyramiduin,  and  Gerhillux 
gerbillm,  was  then  tested.^^  They  Avere  found  to  be  highly  susceptible  to 
infection  with  R.  tsutsugamushi  and  were,  therefore,  a  suitable  substitute  in 
the  absence  of  a  supply  of  white  mice.  Since  these  rodents  were  plentiful,  it 

■•i  Bengtson,  J.A. :  Complement  Fixation  in  Tsutsugamusbi  Disease  (Scrub  T^pbus).  Pub.  Health 
Rep.  61  :  895-900,  14  June  1946. 

42  (1).  See  footnote  1,  p.  Ill :  and  13,  p.  121.  (2)  Philip,  C.  B.,  Woodward,  T.  E.,  and  Sullivan,  B. 

R. :  Tsutsugamushi  Disease  (Scrub  or  Mite-Borne  Typhus)  in  the  Philippine  Islands  During  American 
Reoccupation  in  1944-45.  Am.  J.  Trop.  Med.  26:  229-242,  March  1946.  (3)  Letter,  Lt.  Col.  M.  H.  P. 

Sayers,  R.A.M.C.,  Assistant  Director  of  Pathology,  14th  Army,  Calcutta,  India,  to  Brig.  Gen.  L.  A.  Fox, 
U.S.A,  Typhus  Commission,  Cairo.  Egypt,  4  Jan.  1944. 

4-1  Zarafonetis,  C.  J.  D. :  The  Susceptibility  of  the  Rodents,  OerhilluK  pyramidum  and  Gerhillut 
gerbillug,  to  Experimental  Tsutsugamushi  Infection  (Scrub  Typhus).  Proc.  Soc.  Exper.  Biol.  &  Med. 
59:  113-116,  June  194.5. 
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was  possible  to  accelerate  a  number  of  studies  in  scrub  typhus  at  the  U.S.A. 
Typhus  Commission  laboratories  at  Myitkyina  as  well  as  in  Cairo. 

Growth  of  the  etiological  agent  of  scrub  typhus  in  the  yolk  sac  of  develop¬ 
ing  chick  embryos  was  accomplished  by  a  number  of  workers.*"*  This  was  an 
important  method  of  experimental  vaccine  and  antigen  production. 

SPECIFIC  TREATMENT 

The  treatment  of  scrub  typhus  includes  both  general  and  specific  meas¬ 
ures.  The  general  supportive  measures  consist  of  nuising  care,  diet,  mainte¬ 
nance  of  fluid  and  electrolyte  balance,  and  the  management  of  complicating 
diseases  or  conditions.  These  aspects  of  therapy  have  been  adequately  indi¬ 
cated  in  the  reports  that  have  been  cited.*®  Here,  consideration  will  be  limited 
to  specific  measures,  such  as  the  use  of  immune  serum,  antibiotics,  and  chemo¬ 
therapy. 

Serotherapy. — Hyperimmune  rabbit  serum  was  found  to  reduce  the  mor¬ 
tality  of  experimental  scrub  typhus  in  mice.*®  Human  convalescent  serum, 
however,  was  without  effect  on  the  clinical  course  of  scrub  typhus  even  when 
given  during  the  first  week  of  illness.*^  Since  there  are  wide  differences  in 
the  antigenic  pattern  of  various  strains  of  R.  tsutmgamushi^^  it  may  be  that 
only  homologous  antiserum  would  be  effective  therapeutically. 

Antibiotics. — Although  penicillin  and  streptomycin  proved  to  be  valuable 
for  certain  complicating  bacterial  infections,  these  antibiotics  had  no  signifi¬ 
cant  specific  effect  on  the  etiological  agent  of  scrub  typhus.  Since  the  war, 
the  newer  broad-spectrum  antibiotics  have  been  used  with  signal  success  in 
rickettsial  infections. 

Chemotherapy. — In  a  report  to  the  Division  of  Medical  Sciences,  National 
Research  Council,  dated  26  December  1942,  Drs.  John  C.  Snyder,  J.  Maier, 
and  C.  Russell  Anderson,  first  demonstrated  an  antirickettsial  effect  of  PABA 
( para-aminobenzoic  acid)  in  mice  experimentally  infected  with  murine  (flea- 
bome)  typhus.  This  led  to  extensive  clinical  and  laboratory  studies  and  to 
experimental  trials  of  PABA  in  animals  infected  with  R.  tsutsugammhi. 
Gerbilles  proved  to  be  of  great  value  in  this  connection.  Snyder  and  Zara- 
fonetis,*®  and  Murray  with  these  authors®®  demonstrated  conclusively  that, 

44  (1)  See  footnote  39,  p.  134.  (2)  Bengtson,  I.  ;  Apparent  Serological  Heterogeneity  Among 

Strains  of  Tsutsugamushi  Disease  (Scrub  Typhus).  Pub.  Health  Rep.  60:  1483-1488,  14  Dec.  1945. 
(3)  Lewthwalte,  R.,  and  O’Connor  J.  L. :  Prophylactic  Vaccine  Against  the  Tsutsugamushi  Disease. 
Second  Report  on  an  Attempt  to  Prepare  a  Vaccine  From  Hens’  Eggs  Experimentally  Infected.  Virus 
Liaboratory,  Commonwealth  Serum  Laboratories,  Melbourne,  Australia,  1943. 

45  See  footnotes  1,  p.  Ill;  9,  p.  118;  and  32,  p.  128. 

Topping,  N.  H. :  Tsutsugamushi  Disease  (Scrub  Typhus)  ;  The  Effects  of  Immune  Rabbit  Serum 
in  Experimentally  Infected  Mice.  Pub.  Health  Rep.  60:  1215-1220,  12  Oct.  1945. 

47  (1)  See  footnote  9,  p.  118..  (2)  Hay,  C.  P. ;  Scrub  Typhus  at  Port  “X.”  J.  Roy.  Nav.  M.  Serv. 

30  :  127-135,  July  1944. 

“See  footnote  44  (2). 

49  Snyder,  J.  C.,  and  Zarafonetis,  C.  J.  D. :  Effects  of  Para-Aminobenzoic  Acid  In  Experimental 
Tsutsugamushi  Disease  (Scrub  Typhus).  Proc.  Soc.  Exper.  Biol.  Sc  Med.  60:  115-117,  October  1945. 

“  Murray,  B.  S.,  Zarafonetis,  C.  J.  D.,  and  Snyder,  J.  C. :  Further  Report  on  Effect  of  Para- 
Amlnobenzoic  Acid  in  Experimental  Tsutsugamushi  Disease  (Scrub  Typhus).  Proc.  Soc.  Exper.  Biol. 
Sc  Med.  60 :  80-84,  October  1945. 
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properly  administered,  PABA  significantly  reduced  the  mortality  of  experi¬ 
mental  scrub  typhus  in  gez-billes.  PABA  was  effective  against  strains  of 
R.  tmtmgammhi  that  had  come  from  widely  separated  regions  including 
India,  Ceylon,  and  New  Guinea.  On  the  basis  of  their  observations,  these 
workers  strongly  recommended  a  clinical  trial  of  PABA  therapy  in  human 
beings. 

Such  an  opportunity  presented  itself  to  Tierney,®^  of  the  Cairo  Unit  of 
the  U.S.A.  Typhus  Commission,  in  1945.  Working  at  the  20th  General  Hos¬ 
pital,  in  Ledo,  Tierney  carried  out  a  controlled  study  on  18  patients  with 
scrub  typhus.  He  administered  sufficiently  large  doses  to  obtain  adequate 
blood  concentrations  of  PABA  and  found  that  the  treated  patients  had  fewer 
complications  and  shorter  fever  than  a  comparable  group  of  untreated  sub¬ 
jects. 

Although  there  are  now  improved  means  of  administering  large  doses  of 
PABA,®^  and  PABA  has  itself  been  supplanted  by  the  newer  antibiotics  as 
the  treatment  of  choice  in  scrub  typhus,  these  early  studies  were  of  great 
significance  to  those  concerned  with  the  scrub  typhus  problem.  Lack  of  an 
effective  vaccine,  the  insidious  vector,  the  widespread  distribution,  and  a 
significant  mortality  rate,  all  made  scrub  typhus  an  important  medical  prob¬ 
lem  affecting  morale  in  j.he  field.  Furthermore,  several  prominent  investi¬ 
gators  succumbed  to  infections  acquired  during  the  course  of  laboratory  in¬ 
vestigations  with  R.  tsvisugamushi.  The  search  for  an  effective  therapeutic 
agent  for  scrub  typhus  during  World  War  II  was  stimulated  by  an  awareness 
of  these  factors. 

Immunization. — Information  regarding  the  degree  and  duration  of  im¬ 
munity  following  an  attack  of  scrub  typhus  was  fragmentary,  even  at  the 
close  of  World  War  II.  From  the  available  data,  it  appeared  that  a  strong 
and  lasting  immunity  was  induced  by  the  disease,  and  considerable  support 
was  added  to  this  belief  by  animal  studies  in  several  laboratories.®®  Indeed, 
these  observations  indicated  that  animals  experimentally  infected  with  one 
strain  of  R.  tsutsugam^shi  are  resistant  for  some  months,  at  least,  to  inocula¬ 
tion  with  both  homologous  and  heterologous  strains.  Studies  in  progress  at 
the  end  of  hostilities,  however,  revealed  that  a  number  of  strains  of  R.  tsutsv^ 
gamushi  had  important  antigenic  differences  as  judged  from  cross-neutraliza¬ 
tion  tests®*  and  toxic  neutralization  tests,®®  as  well  as  from  study  of  the  com- 

51  Tierney,  N.  A. :  Effect  of  Para-Arainobenzolc  Acid  in  Tgutsugamushi  Disease.  J.A.M.A.  131 : 
280-283.  25  May  1946. 

52  Zarafonetis,  C.  J.  D. :  Clinical  Use  of  Para-Aminobenzoic  Acid.  Texas  J.  Med.  49  :  666-672, 
September  1953. 

53  (1)  See  footnotes  1.  p.  Ill ;  and  13,  p.  121.  (2)  Bell,  E.  J.,  and  Plotz,  H. :  Infection  and  Immu¬ 

nity  Following  the  Intracutaneous  Inoculation  of  Scrub  Typhus.  Proc.  Soc.  Exper.  Biol.  &  Med.  59 : 
143-144,  June  1945.  (3)  Zarafonetis,  C.  J.  D.,  Snyder,  J.  C.,  and  Murray,  E.  S. :  Immunity  Following 
Para-Aminobenzolc  Acid  Therapy  in  Experimental  Tsutsugamushi  Disease  (Scrub  Typhus).  Proc.  Soc. 
Exper.  Biol.  &  Med.  61 :  240-242,  March  1946. 

54  Bell,  E.  J.,  Bennett,  B.  L.,  and  Whitman,  L. :  Antigenic  Differences  Between  Strains  of  Scrub 
Typhus  as  Demonstrated  by  Cross-Neutralization  Tests.  Proc.  Soc.  Exper.  Biol.  &  Med.  62 :  134-137, 
June  1946. 

55  Smadel,  J.  B.,  Jackson,  E.  B.,  Bennett,  B.  L.,  and  Rights,  F.  L. :  A  Toxic  Substance  Associated 
With  the  Gilliam  Strain  of  R.  orientalis.  Proc.  Soc.  Exper.  Biol.  &  Med.  62 :  138-140,  June  1946. 
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plenient  fixation  antigen/®  From  the  observations  and  from  efforts  to 
pnxluce  an  effective  vaccine,  it  became  evident  that  much  remained  to  be 
learnetl  regarding  the  immune  response  to  the  various  scrub  typhus  strains. 

Vaccine  studies. — In  view  of  the  apparent  immunity  conferred  by  an  at¬ 
tack  of  scrub  typlms  in  man  and  confirmed  in  the  animal  work  just  noted,  it 
was  hoped  that  a  satisfactory  vaccine  could  l)e  developed  for  scrub  typlms  as 
had  l>een  done  for  epidemic  tyj)hus.  Several  laboratories  turned  their  atten¬ 
tion  to  this  problem.  Fulton  at  the  National  Institute  for  Medical  Reseaivh 
in  London  prepared  vaccines  from  the  lungs  of  infected  mice  and  cotton  rats. 
He  found  some  protection  was  aff(»rile<l  by  intra|H*ritoneal  vaccination  to  ij»- 
traperitoneal  challenge.  Similar  observations  were  matle  by  Smadel.  Rights, 
and  Jackson  at  the  Virus  Division  of  the  1st  Medical  (leneral  Laboratory, 
814th  Hospital  Center.  Paris,  France,  and  by  IMotz,  liennett.  and  Reagaix 
at  the  Medical  Department  Professional  Service  S(‘hools.  Washington.  D.C. 
The  subcutaneous  administration  of  these  vaccines  induced  no  resistance  to 
infection. 

Vaccine  suspensions  were  also  prepared  from  infected  yolk  sjics  of  devel¬ 
oping  chick  embryos.®”  However,  these  preparations  failed  to  confer  immu¬ 
nity  in  a  wide  series  of  tests.  It  appears  that  the  ether-extraction  method, 
which  was  so  valuable  in  the  production  of  epidemic  typhus  vaccine,  had  some 
inexplicably  deleterious  effect  when  applied  to  suspensions  of  f?.  tsutsu- 
gammhi. 

POSTWAR  STUDIES 

Immunity. — In  the  period  immediately  following  the  war,  important  work 
was  done  on  unsettled  problems  l)earing  on  prophylaxis  and  ti-eatment.  In 
studies  conducted  by  Smadel  and  his  associates  at  the  Army  Medical  Depart¬ 
ment  Research  and  Graduate  School,  Washington,  D.C'’.,"*  it  was  found,  briefly 
that  in  human  volunteers  immunity  to  the  homologous  strain  of  li.  tmtau- 
gainmhi  persisted  for  at  least  1  year,  and  in  some  for  longer  periods.  In 
contrast,  resistance  to  heterologous  strains  of  R.  fsufstiganwxhi  was  of  a 
transient  nature.  Even  within  a  month  after  inoculation  with  one  strain,  an 
appreciable  number  of  persons  became  ill  following  injection  with  a  heterol¬ 
ogous  strain.  By  the  end  of  a  year,  all  were  again  susceptible  to  heterologous 

56  See  footnote  44  (2),  p.  1.16. 

57  Fulton.  F.  :  Methods  For  the  Study  of  Mite  Typhus — A  Progress  Report.  National  Inst.  Med. 
Res..  Hampstead.  London.  21  June  1944. 

58  Smadel,  J.  E.,  Rights,  F.  L.,  and  Jackson,  E.  B.  :  Scrub  Typhus  Vaccines  Prepared  From 
Formalinized  Suspensions  of  Tissues  of  White  and  Cotton  Rats.  Report  dated  19  Juni'  194."».  Ilead- 
(piarters.  First  Medical  General  Laboratory,  814tb  Hospital  Center,  F.S.  Army. 

50  Plotz,  IL,  Bennett.  B.  L.,  and  Reagan,  R.  L. :  Preparation  of  an  Inactivated  Tissue  Culture 
Scrub  Typhus  Vaccine.  Proc.  Soc.  Exper.  Biol.  &  Med.  01  :  ,113-.117,  March  194<!. 

60  See  footnotes  44  (3),  p.  136;  and  .'>9, 

6t  (1)  Smadel.  J.  E.,  Ley.  H,  L.,  Jr„  Diereks.  F.  H..  and  Traub,  R.  :  Immunity  in  Scrub  Typhus: 
Resistance  to  Induc'd  Reinfection.  .\rch.  Path.  .o<) :  .S47-.S01.  Ih-eeuiber  Ittod.  (21  Smadel.  .1.  K..  I.<*y. 
II.  L..  Jr..  Itiercks,  F.  H.,  Paterson,  P,  Y..  Wisseman.  C.  L.,  Jr.,  and  Traub,  R.  :  Immunization  .Vgainst 
Scrub  Tyidtus  :  Puratlon  of  Immunity  in  Volunteers  Following  Combined  Living  Vaccine  and  Chemo- 
pro|>hylaxis.  Am.  J.  Trop.  Med.  1  :  87-99,  January  1952. 
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infection.  Durinji  the  i>eri(Kl  of  waninjr  immunity,  tlie  disease  which  resulted 
from  the  heteroloj^ous  strain  was  modified  from  the  classical  pictui’e.  Indeed, 
the  illness  observed  in  tests  shortly  after  i-ecovery  was  so  mild  that  it  would 
probably  not  have  been  recojjnized  as  st*rub  typhus  if  rickettseinia  had  not 
been  demonstrated.  On  the  other  hand,  the  disease  which  resulted  when  the 
individuals  were  tested  after  1  year  generally  presented  the  typical  picture 
of  scrub  typhus. 

Of  further  interest  is  the  observation  that  only  about  40  percent  of  the 
subjects  who  developed  illness  following  reinoculation  with  scrub  typhus  after 
1  year  displayed  a  significant  (fourfold)  rise  in  titer  of  Prote-m  OX-K 
agglutinins. 

Treatment. — In  postwar  studies,  dniinatic  results  in  treatment  of  scrub 
typhus  and  other  rickettsial  infections  were  achieved  with  broad-spectrum 
antibiotics,  such  as  (’hloromycetin  (chloramphenicol),  Aureomycin  (chlor- 
tetracycline),  and  Terramycin  (oxytetracycline).®-  A  program  makitig  use  of 
these  for  chemoprophylaxis  under  special  circumstances  would  not  prevent  in¬ 
fection  but  would  prevent  clinical  illness.  Field  trials  suggest  that,  if  prophy¬ 
lactic  medicatioji  is  continued  for  4  weeks  or  longer  after  exposure,  it  is 
unlikely  that  signs  of  scrub  typhus  will  appear  after  the  drug  is  discon¬ 
tinued.®^ 

A'accines  are  still  (1957)  in  the  experimental  stage,  but,  in  view  of  the 
immunity  factors  discussed,  it  is  not  anticipated  that  effective  protection  will 
be  afforded  in  this  manner. 


SUMMARY 

During  World  War  II,  scrub  typhus  was  found  to  be  endemic  in  foci 
distributed  throughout  a  large  triangular  region  of  Asia  and  the  Pacific  which 
lies  between  Japan,  India,  and  Australia.  Outbreaks  are  more  common  in 
types  of  terrain  that  {)rovide  suitable  cover  for  reservoir  hosts  as  well  as 
moisture  conditions  favorable  to  the  growth  and  activity  of  the  vector  mites. 

Wild  mice  and  rats  and  jungle  tree  squirrels  are  known  to  be  naturally  in¬ 

fected  with  /’.  txvtsuffdDnishi.  Larval  mites  of  the  genus  Tromhicula  ti'ansmit 
the  disease  from  animal  to  animal  or  from  animal  to  man.  Since  infection  of 
the  mites  can  be  transovarially  acquired,  the  vector  also  serves  as  an  important 
natural  reservoir  of  scrub  typhus. 

•>2  (1)  Snindt'l,  J.  E..  Woodwnnl.  T.  E..  II.  1...  Jr„  nnil  l.**wthwaitt*,  R. ;  Chloramphonicol 

( Cliloromyct'tin )  in  the  TroatiniMit  of  Tsiitsueamiialii  Pisoaso  (Scrub  Tyidiiis).  J.  Clin.  Invest iRatlon 
28:  119<>-12]5.  September  (pt.  2)  1949.  (2)  Sniadel,  .1.  E..  .Tackson,  E.  B.,  and  Ley,  II.  L.,  .Tr.  : 

Terramycin  as  a  Rlckettsiostatic  -Ijlent  and  Its  I'sefulncss  in  I’atients  With  Scrub  Typhus.  Ann.  New 

York  Acad.  Sc.  ">:{  :  :?7r»-;{S4.  15  Scjit.  1950.  (.'tl  rrezyna.  A.  I*..  Teh-LiiiE.  C..  Tsii-Lin,  W.,  DoiiKhcrty. 

W.  .1.,  and  Bond.  II.  B. :  Treatment  of  Scrub  Ty[ihus  in  the  Pescador<-s  Islands  With  Chloramidienicol. 
Aureomycin.  and  Terramycin.  Am.  .1.  Trop.  Med.  .t ;  (508-fil4,  July  1954. 

•w  Smadel.  J.  E.,  Traiib.  R..  Frick.  L.  I’..  Diercks.  F.  IL.  and  Bailey,  C,  A.  :  Cliloramphenicol 
(Chloromycetin)  in  the  Chemoprophylaxis  of  Scrub  Typhus  (TsutsuEamushi  Disease).  III.  Su|ii)ression 
of  Overt  Disease  l)y  Prophylactic  RcEimens  of  Fonr-We<‘k  Duration.  Am.  .1.  IlyE-  ’*1  :  21li-228. 
March  1950. 
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The  desert  rodents,  G.  njtitinidum  and  (t.  grrh’dlnx.  were  shown  to  be  sus- 
eeptihle  to  infection  with  scrub  typljus  and  were  valuable  exi)eriineiital  ani¬ 
mals  in  studies  on  this  diseast*  durinj;  IVorld  War  II. 

Clinical  picture. — After  an  incubation  pericnl  of  from  C  to  18  days,  the 
illness  begins  abruptly  with  chilly  sensations  or  lijxors,  followed  by  fever, 
headache,  malaise,  and  anorexia.  The  face  is  Huslied.  and  thei'e  is  conjunctival 
injection.  A  primary  lesion  or  eschar  is  j)resent  in  nearly  all  cases  at  the 
time  of  on.set.  It  may  have  l>een  present  for  as  loii'r  as  5  days  earlier,  and 
usually  pei^sists  throujrhout  the  active  phase  of  the  disease.  The  eschar  i-epre- 
sents  tlu‘  site  of  infection  by  ttie  mite.  Occasional  j)atients  exhibit  more  than 
one  e.schar.  This  lesion  may  l>e  tip  to  1.0  cm.  in  diameter  and  consists  of  a 
central  toujrh  black  scab  surroundeil  by  a  sliirhlly  elevated  dull  red  areola 
i  tifif.  !)).  In  moist  areas  of  the  IkkIv.  such  as  the  axilla,  frroin,  and  sc’rotum, 
the  scab  is  often  lackinjr,  and  the  lesion  appears  as  a  shallow  punched-out 
ulcer.  It  is  neither  painful  nor  pruritic.  There  is  often  i-efrional  or  frcneral- 
ized  lymphadenitis.  The  spleen  may  become  palpable.  The  fever  rist*s  in 
ste|)wise  fashion,  reaching  to  105°  V.  by  the  end  of  the  first  week.  It 

usuallv  remains  elevated  until  the  third  week  at  which  time  it  subsides  by 

*  ^ 

lysis.  As  the  disease  i)as.ses  into  its  st*cond  week,  the  ^reneral  symptoms  are 
increased  except  in  mild  cases. 

On  about  the  lifth  to  the  eijrhth  day.  a  dull  red  macular  erujition  apjiears 
first  oti  the  trunk  (tifr.  10)  and  later  spreads  to  the  arms,  lejrs.  and  face.  It 
varies  in  intensity  atid  extent  atid  lasts  from  1  to  10  days.  Xon{irodti<'tive 
i-otijrh  is  cotnmon.  and  iti  severe  cases,  bronchitis  and  pneumonia  may  appear. 
Roetitjxen  examination  of  the  chest  may  reveal  chancres  similar  to  thost'  of 
pritnary  atypical  pneumonia.  Indeed,  patholofrieal  studies  sujrjrest  that  these 
(indinjis  represent  a  rickettsial  pneumonitis.  Hypotension,  tachycardia,  and 
cyanosis  may  occur  at  the  heij;ht  of  the  disease  and  are  attributed  more  to 
peripheral  vascular  collapse  than  to  heart  failure. 

The  clinical  features  pre.sented  by  the  scrub  typhus  patient  reflect  the 
histopatholofry  of  the  disease,  which  is  basically  a  disseminated,  focal  vascu¬ 
litis  and  perivasculitis  especially  of  the  vessels  of  the  .skin,  lun"s,  heart, 
and  brain. 

Leukocyte  counts  are  usually  within  normal  limits,  but  a  moderate  leuko¬ 
cytosis  may  develop  during  the  second  week  of  illness. 

Diagnosis. — 'Fhe  typical  case  of  scrub  tyjihus  is  readily  diagnosed  on  the 
I'linical  findings.  Prior  to  the  appearance  of  tlie  cutaneous  eruption,  how¬ 
ever,  early  diagnosis  depends  upon  finding  an  eschar,  since  dengue,  relapsing 
fever,  malaria,  infectious  hepatitis,  typhoid  fever,  epidemic  typhus,  and 
murine  typhus  exhibit  many  of  the  same  clinical  features. 

The  diagnosis  may  be  confirmed  by  serological  te.sts.  A  significant  rise 
in  titer  in  the  Weil-Felix  Proteus  OX-K  agglutination  test  differentiates 
.scrub  typhus  from  other  rickettsial  infections.  However,  jiatients  with  re¬ 
lapsing  fever  also  develop  OX-K  agglutinins,  (’omplement  fixation  tests 
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with  purified  suspensions  of  R.  tHutaugtimuxlu  may  l)e  useful  in  the  diafrnosis, 
hut  the  sera  must  be  tested  with  antijrens  prepared  from  several  different 
strains  of  tlie  miero-orjjanism.  This  is  necessary  because  there  are  important 
anti^urenic  differences  between  various  strains.  Althou»;h  recovery  and  identifi¬ 
cation  of  the  micro-organism  proves  the  diagnosis,  it  is  not  feasible  for 
routine  ijse. 

Natural  course. — After  the  fii'st  week,  the  subsequent  course  of  scr\ib 
typhus  may  be  relatively  mild,  with  a  total  febrile  period  of  12  to  14  days, 
or  it  may  be  moderately  severe  with  signs  of  encephalitis  and  pneumonitis 
and  fever  up  to  3  weeks.  In  severe  cases,  patients  are  febrile  for  about  8 
weeks,  have  signs  of  pneumonitis,  encephalitis,  and  often  of  circulatory  col¬ 
lapse  and  myocai’ditis.  Thromboses  and  cerebral  or  gastrointestinal  hemor¬ 
rhage  may  occur.  Death  is  not  infrequent  in  severe  cases.  However,  the 
mortality  of  untreated  cases  varies  from  1  to  25  percent  or  more  in  different 
series.  The  death  rate  rises  sharply  after  the  age  of  40.  There  is  evidence 
that  the  course  of  scrub  typhus  is  likely  to  be  more  severe  in  men  who  have 
been  under  the  strains  of  combat  or  have  lacked  early  treatment. 

Kecovery  from  scrub  typhus  is  ultimately  complete.  Many  })atients,  how¬ 
ever.  have  a  prolonged  convalescence  and  present  a  picture  of  neurocircuhitory 
asthenia  with  sleeplessness,  tremulou.sness,  lack  of  ability  to  concentrate,  easy 
fatigability,  excessive  sweating,  palpitation,  dyspnea,  and  sense  of  intra- 
thoracic  pressure. 

Relapse  is  rare  in  cases  that  have  run  their  natural  course. 

Following  an  attack  of  scrub  typhus,  immunity  to  the  homologotis  strain 
appears  to  |)ersist  for  at  least  a  year.  Resistance  to  heterologous  strains  of 
R.  fxufmganiuxh/\  however,  is  transient. 

Therapy. — The  patient  should  l)e  placed  at  bed  rest,  avoid  overexertion, 
and  receive  frequent  small  feedings  and  adequate  fluid  intake.  Specific 
thera])y  should  be  instituted  as  early  as  possible.  Scrub  typhus  during  "World 
War  II  was  found  responsive  to  high  doses  of  PABA  (best  administered  as  a 
lO-percent  chilled  aqueous  solution  of  the  sodium  or,  preferably,  the  potassium 
salt)  since  World  War  II,  chemotherapy  has  been  successful. 

Prophylaxis. — Prevention  of  scrub  ty[)hus  in  areas  where  it  is  endemic  is 
difficult,  at  best,  and  niay  be  impossible  under  combat  conditions.  When 
feasible,  preventive  measures  should  include  appropriate  clearing  and  oiling 
of  campsites  to  change  the  ecology  of  the  area  so  that  it  is  unfavorable  to 
rodents  and  mites.  Impregnation  of  clothing  with  dimethyl  phthalate,  or  with 
an  emulsion  of  benzyl  benzoate  and  dibutyl  phthalate,  affords  considerable 
individual  protection  as  mites  which  come  in  contact  with  treated  cloth  are 
killed.  In  view  of  the  immunity  factors  that  have  been  referred  to.  it  is  not 
anticipated  that  effective  protection  will  be  afforded  by  the  development  of  a 
vaccine. 


04  See  footnote  52,  p.  137. 


CHAPTER  VII 


The  Typhus  Fevers 

Chris  J.  D.  Zarafonetis,  M.D. 

Part  I.  Epidemic  Typhus 

Epidemic  typhus  fever  is  an  acute  febrile  disease  ction  with 

RicJv-eftKia  proiritzekl.  It  is  a  louseborne  infection  anci  i-  w.ii .it icrized  clinic¬ 
ally  by  sustained  hi^h  fever,  headache,  malaise,  and  later  an  exanthem.  It 
has  been  known  under  many  names  including;  exanthematous  typhus,  jail 
fever,  ship  fever,  war  fever,  camp  fever.  Old  World  typhus,  Flecktieber  (Ger- 
man).  typhus  e.xanthematique  (French),  el  tabardillo  (Spanish),  and  hassin 
chifusu  ( Jaj)anese) . 

For  centuries,  ei^idemics  of  typhus  fever  have  been  associated  with  war, 
I'evolution,  and  famine,  and  have  indeed,  in  the  past,  been  a  factor  affecting 
the  outcome  of  wars.  The  death  toll  exacted  in  some  epidemics  has  been 
estimated  in  millions  of  lives.  An  account  of  the  historical  role  of  typhus 
fever  has  been  written  by  Zinsser,'  and  Strong  and  his  associates  -  have  docu- 
mente<l  the  great  Serbian  ei)idemic  of  1915. 

(Minically.  no  differentiation  was  made  between  typhoid  fever  and  louse- 
borne  typhus  fever  until  1837.  In  that  year,  Gerhard,  in  Philadelphia,  noted 
differences  between  the  two,  and  was  the  first  to  call  attention  to  the  presence 
of  typhus  in  the  New  World.  That  typhus  is  transmitted  by  Ped/ruhia 
hwnttnux  var.  corporis  was  discovered  by  Nicolle,  Comte,  and  Conseil  in  1909. 
The  causative  agent,  R.  proirazekl,  was  first  described  in  191(5  by  Da  Rocha- 
Eima.  P'or  many  years,  it  was  believed  that  there  was  only  one  form  of 
typhus  fever,  but  it  is  now  known  that  the  epidemic  louseborne  form  and  the 
endemic  fleaborne  typhus  are  caused  by  different  micro-organisms.  It  has 
been  further  shown  that  epidemic  typhus  fever  may  be  recrudescent  in  a 
patient  years  after  the  original  illness,  in  the  disorder  known  as  Brill's  disease. 

EPIDEMIOLOGY 

Typhus  fever  exists  in  many  parts  of  the  world,  with  important  foci  in 
the  Balkans,  North  Africa,  (’hina,  and  Mexico,  and  it  presumably  occurs  in 
Poland,  the  T^.S.S.R.,  and  elsewhere.  Man  is  the  reservoir  of  epidemic  typhus 
(p.  201).  It  is  transmitted  from  man  to  man  by  body  lice  which  become 
infected  by  feeding  upon  tyidius  patients  during  the  febrile  period.  The 
rickettsiae  multiply  in  the  cells  lining  the  intestinal  tract  of  the  louse.  A  week 

1  Ziiissi>r.  Hans:  lints,  I.icp  and  History.  Now  York:  Llttlo,  Brown  and  Co..  10.S4. 

-  Stronc.  Kicliard  I’..  Shnttnck.  G*'or>;p  C.  Spllurds.  A.  W..  Zinsspr,  Hans,  and  Hopkins,  .T.  Gardner; 
Typhus  Fever  With  rnrticular  Keferenee  to  the  Serbian  Epidemic.  Cambridge,  Mass. :  Harvard  Uni¬ 
versity  I’ress,  1920. 
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or  10  (lays  after  the  vector  has  l)ecome  infected,  the  parasitized  cells  rupture 
and  large  numbers  of  rickettsiae  begin  to  api)ear  in  its  feces.  Lice  prefer  the 
normal  temperature  of  the  body  and  usually  remain  close  to  their  human 
host.  If  tlie  temperature  is  raised  by  fever  or  lowei’ed  by  death,  however, 
they  will  migrate  to  a  new  host.  Here,  lice  suck  blood  and  defecate  as  they 
feed,  and  when  the  site  of  the  bite  is  scratched,  the  infected  feces  are  nibbed 
into  the  .skin.  This  appears  to  be  the  principal  means  by  which  the  infection 
is  jiassed  from  man  to  man.  It  is  also  possible  to  acquire  it  by  crushing  an 
infected  lou.se  upon  the  skin,  or  by  having  dried  infected  feces  come  into 
contact  with  the  conjunctivae  or  the  mucous  membranes  of  the  respiratory 
tract.  Infection  ivith  t^'phus  rickettsiae  is  eventually  fatal  to  the  louse. 

Conditions  that  predispose  to  louse  infestation  naturally  predisjxise  to 
epidemics  of  typhus  fever.  The  scene  is  set  by  crowding,  inadequate  housing, 
lack  of  bathing  facilities,  lack  of  fuel,  and  such  continued  cold  weather  that 
people  wear  their  garments  for  long  periods  of  time.  Once  louse  infestation 
is  prevalent,  introduction  of  the  infection,  either  from  a  patient  with  typhus 
or  from  one  with  the  recrudescent  (Briirs)  disease,  may  set  off  an  epidemic. 
The  chaotic  effects  of  war  and  famine,  shifting  populations,  and  the  break¬ 
down  of  orderly  processes  of  government  contribute  conditions  that  favor 
spread  of  the  infection. 

At  the  beginning  of  World  War  11.  it  was  evident  that  American  troops 
would  be  e.xposed  to  typhus  fever  in  most  oversea  theatei’s  of  operations.  It 
was  recognized  that  few  physicians  in  the  Armed  Forces  would  have  had 
e.xperience  with  a  disease  conspicuous  by  its  absence  from  the  continental 
United  States.  Against  this  background,  the  United  States  of  America 
Typhus  Commission  was  created  by  the  Secretary  of  War  on  22  October  1042 
in  response  to  a  staff-approved  recommendation  of  The  Surgeon  General, 
initiated  by  Col.  (later  Brig.  Gen.)  James  S.  Simmons,  M(^,  and  e.stablished 
by  Executive  order  of  President  Roosevelt  on  24  December  1942.®  The  order 
provided  for  a  joint  attack  upon  the  problems  of  the  disease  by  the  Army, 
the  Xavy,  and  the  U.S.  Public  Health  Service.  As  a  result  of  the  compre¬ 
hensive  mandates  and  authorizations  of  this  broadly  conceived  Executive 
order,  and  of  the  impetus  given  to  t’  i  work  by  the  director,  field  director, 
and  members  of  the  Commission,  typhus  investigation  was  intensified,  leading 
to  the  development  of  specific  diagnostic  procedures,  improved  methods  of 
treatment,  the  large-scale  production  of  a  potent  vaccine,  and  excellent  louse- 
control  measures.  For  detailed  information  regarding  epidemiology'  and 
preventive  measures,  and  a  histoi-y  of  the  Typhus  Commission,  the  reader  is 
referred  to  the  brilliant  account  by  Stanhope  Bayne-Jones  in  another  volume 
in  the  history  of  the  Medical  Department  in  World  War  II.^ 

»  Ba.vnt»-.Iones.  S. :  The  United  States  of  America  Typhus  Commission.  Army  M.  Bull.  XTo.  (!8. 
pp.  .Inly  1943. 

•*  Bayne-.rones,  Stanhope:  Typhus  Fevers.  In  Medical  Department,  United  States  Army.  Pre¬ 
ventive  Medicine  in  World  War  II.  Volume  VII.  Communicable  Diseases:  Arthropodborne  Diseases 
Other  Than  Malaria.  [In  preparation.] 
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CLINICAL  EXPERIENCE 

Althoujrli  epidemic  ty[)hus  fever  posed  a  constant  threat  to  soldiers  in 
several  ovei*sea  theaters  (table  the  remarkable  fact  i-emains.  however, 
that  there  were  only  104  cases  in  U.S.  forces  and  not  a  sinjrle  death  (table  14). 
liayne-Jones  has  descrilied  the  extraordinarily  etfective  measures  that  wei'e 
implemented  for  the  protection  of  l*.S.  troops  in  areas  where  epidemics  of 
lousehorne  typhus  were  prevalent  amonfr  civilian  populations.  As  one  restdt 
of  this  splendid  record,  there  was  no  opportunity  for  medical  officei-s  in  vari¬ 
ous  station  and  general  hospitals  to  accumulate  extensive  experience  with 
epidemic  typhus  in  our  troops.  The  clinical  studies  to  be  recorded  here  are. 
therefore,  largely  those  performed  by  membei-s  of  the  Typhus  (’ommission, 
and  are  generally  concerned  with  the  disease  as  observed  in  civilian  popula¬ 
tions.  This  is  in  contrast  to  the  observations  on  scrub  typhus  in  the  several 
excellent  studies  made  by  other  medical  officers  and  units  in  addition  to  the 
contributions  of  the  U.S.A.  Typhus  Commission  (pp.  ll()-i:}8). 


Tabi.e  13. — Epidemic  typhus  in  French  Xorth  Africa,  Egypt,  and  Iran,  1930-44 


Number  of  reimrted  cases 

Year 

French  North 

Ecypt 

Iran  ‘ 

Africa 

1930 . - . 

529 

2SS 

(*) 

1931 . - . - . 

930 

265 

1,  167 

1932 . . . 

965 

2,  29S 

1,  544 

1933 . . . . . 

1,  671 

7,  S65 

327 

1934... _ _ _ _ _ _ _ 

1,  456 

7,  536 

1,  212 

1935 . . . . . . . . . . 

1,  977 

3,  151 

619 

193(5 _ _ _ _ _ 

2,  1S2 

2,  "57 

202 

1937 _ _ _ 

S,  921 

2,  0S3 

116 

193S _ _ _ _ _ _ _ 

11.  377 

2,  867 

16 

1939 _ _ _ 

9,  353 

4,  239 

86 

1940 _ 

3,  547 

4,  135 

397 

1941 _ 

21.  726 

9,  324 

245 

1942 _ 

77,  335 

23,  941 

1,  102 

1943 _ 

27.  340 

40,  084 

12,  885 

1944 _ 

6,  226 

18,  533 

6,  436 

■  pertain  to  (■itii'.c  only. 

-  Data  are  not  available. 

."^ouree:  (1)  Stowman,  K.:  Typhus  During  the  War.  Epidemiol.  Inform.  Hull.  1  (7):  289-310,  30  Apr.  1945.  (2) 
Current  Keport.s  on  the  I’revalemv  of  Certain  Diseast»s.  Epidemiol.  Inform.  Hull.  1  (7);  311-326.  30  .Apr.  1915. 

The  Disease  in  Nonvaccinated  Individuals 

The  Typhus  (Commission  established  special  study  facilities  at  the  (Cairo 
Fever  Hospital,  Egypt,  in  ^larch  194;}.'’  The  Ministry  of  Health  of  the 

.■>  Minutes.  Conference  on  Typhus,  National  Kesearcli  Council,  22  .Tune  1!(44. 
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Ejryptian  (lovernineiit  provided  the  study  ward  and  space  for  lal>oratories. 
During;  the  and  11)44  seasons,  151)  patients  with  typhus  fever  weiv  ad¬ 
mitted  to  this  ward,  aiul  mmierons  other  cases  were  observed  in  other  wards 
of  the  hospital.  Witli  three  exceptions,  all  of  the  patients  studied  on  the 
(Commission  ward  were  males.  Their  a^j^es  ranijed  from  10  to  70  years,  the 
fjivat  majority  fallinji  in  the  21-  to  .‘i5-year  a{»e  jrronp.  In  jieneral.  the  pa¬ 
tients  wei-e  selected  as  early  in  the  disease  as  possible.  The  majority  were 
ad/nitted  lK?t\veen  the  5th  and  10th  day  of  illness.  A  few  wei’e  adnntted  oji 
the  first  day  of  disease,  while  in  four  instances,  patients  were  actually  under 
observation  before  the  onset  of  illness. 


Table  14. — Incidence  of  epidemic  typhus  fever  (toiiseborne)  in  the  V.S.  Army,  by  nrea  and 

year, 

[rn-lliiiiniiry  ilata  tiasi'd  on  ntniplo  tabulations  of  indiviilual  mi'ilUnl  n'l'onlsl 
IHati"  f\pri-sM-<l  !Ls  nuniN-rof  cjisfs  ikt  annum  ix-r  I.nno  avor.ici-  strt‘n»!lhl 


.Area 

liM2-45 

I(M2 

1943 

1944 

KM.1 

.Vunih<‘r 
of  ca.st>s 

\itmher 
of  raises 

Rate 

Siimher 
of  rns«‘S 

RaU' 

.Vumlier  1 
of  caisi'S 

Hutr 

of  nist'S  ' 

Hate 

Contliumtal  I’nitcd  Statos . 

0.00 

o.on 

0.00 

, 

0.  U) 

0. 00 

OviTJK'iui: 

KuruiK'  . 

Ill 

0.00 

0. 00 

0.00 

It  Olt 

10 

it,  ot> 

Mi'ditornuu'aii  '  .  . 

(«( 

.01 

1 

.04 

.03 

3 

0 

0 

Middlo  East . 

14 

.10 

1 

.17 

K 

.  I.S 

0 

5 

('hina-lturma-India . 

.  14 

1 

.11 

•-’5 

.63 

12 

.07 

■-‘5 

.  II 

Suutliwost  I’uoiflc . 

0 

0 

0 

' 

0 

0 

('I'ntral  aiul  South  I’tu'ini-  . , 

I 

0 

0 

1 

0 

0 

0 

North  Ainorirti  > . 

h 

0 

0 

0 

0 

Latin  .AmcrUn . 

0 

0 

0 

0 

1 

0 

Total  ovcrst’as . 

104 

0. 01 

3 

(».  01 

46 

0.03 

1.1 

0.  00 

40! 

0. 01 

Total  .Army .  . 

KM 

0.00 

p.no 

46 

0.01 

15  i 

O.tKI 

_ 

40  1 

'I.OI 

'  In(iu<lt>s  .North  .\frU’a. 
t  Includes  .Mtuka  an<l  Iceland. 


This  section  of  the  chapter  will  be  restricted  to  a  consideration  of  the 
nnvaccinated  subjects  who  received  no  special  therapy  beyond  snppoi-tive 
measures.  Thei’e  were  04  such  “untreated”  ca.ses  studied  on  the  ( Onnnission 
ward.  The  severity  of  the  clinical  course  of  the  disease  was  estimated  for 
each  patient  after  discharfie  from  the  hospital.  The  principal  factors  which 
influenced  the  estimation  of  severity  were  the  intensity  of  subjective  sym])toms 
(headache,  jrenoralized  bodily  aches  and  pains,  tinnitus,  deafness),  the  dejiree 
of  prostration,  the  extent  of  neurolojrical  involvement  (mental  dullness, 
stupor,  coma,  incontinence  of  urine  and  feces,  sijins  referable  to  the  central 
nervous  system),  the  severity  of  cardiovascular  involvement  (hypotension, 
tachycardia,  jieripheral  A-ascular  failure,  myocardial  damage),  and.  finally, 
occurrence  of  urinary  retention,  olijzuria,  nitrojren  retention,  bronchopneu- 
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inonia,  otitis  media,  parotitis,  furunculosis,  and  gangrene.®  On  the  basis  of 
these  criteria,  these  cases  were  grouped  as  follows: 

li.  Cases  with  minimal  signs  and  .symptoms,  yet  deHnitely  diagnosed  as 
typhus  on  clinical  evidence. 

C.  Cases  of  moderate  severity,  shoving  slight  prostration,  involvement 
of  the  central  nervous  system,  cardiovascular  changes,  or  mild  complications. 

D.  Severe  typhus  cases  with  pronounced  j)rostration,  invoh  ement  of  the 
central  nervous  system,  cardiovascular  changes,  or  serious  complications. 

E.  Cases  of  such  severe  illness  that  at  some  point  in  the  clinical  course 
a  fatal  outcome  was  expected. 

F.  Fatal  cases. 

Of  the  64  cases  of  “untreated"  typhus  fever,  there  were  2  in  the  B  group, 
14  in  C,  26  in  D,  7  in  E,  and  15  in  F,  the  fatal  cases,  a  mortality  of  23  percent. 
It  was  of  particular  interest  that  33  (52  percent)  of  the  patients  developed 
nitrogen  retention  (nonprotein  nitrogen  over  45  mg.  percent)  during  the 
disease.  All  15  fatal  cases  were  in  this  group,  and  no  patient  died  who 
throughout  his  illness  had  normal  concentration  of  nonprotein  nitrogen  in 
the  blood. 

The  following  case  histories,  taken  from  a  Commission  publication,^  will 
serve  to  illustrate  typhus  fever  classified  as  severe  (E  or  F)  : 

Case  1  (classified  as  E;  severe,  with  neurological  involvement). — The  patient,  male, 
aged  25,  was  admitted  on  the  sixth  day  of  disease  with  headache  as  his  chief  complaint. 
Temperature  40.7®  C.  p.r.  Pulse  108.  Itespirations  36.  Blood  pressure  126  mm.  Hg  sys¬ 
tolic  and  66  mm,  diastolic.  Weight  121  pounds.  The  patient  was  moderately  well  devel¬ 
oped  and  nourished.  He  appeared  mentally  clear  and  not  acutely  ill.  There  was  no  tin¬ 
nitus  or  deafness.  The  skin  was  dark;  no  evidence  of  a  typhus  rash  was  seen.  The 
conjunctivae  were  negative.  Th»-  tongue  was  white  coated  and  moist.  The  chest  was 
clear  to  percussion  and  auscultation.  Examination  of  the  heart  showed  nothing  remark¬ 
able. 

Laboratory  data  on  admission. — Hemoglobin  83  percent  (CuSO,)  ;  erythrocytes 
4,500,000;  leukocytes  7,550,  with  81  percent  polymorphonuclear  cells.  Urine  was  amber 
in  color,  cloudy,  reaction  acid,  and  specific  gravity  1.028.  A  few  squamous  epithelial  cells, 
1-2  granular  casts  per  low-power  field,  1-3  leukocytes  per  high-power  field  were  seen  in 
the  centrifugated  sediment.  The  concentration  of  nonprotein  nitrogen  was  46  mg.  per 
100  cc.  of  blood.  The  plasma  proteins  were  6.8  gm.  per  100  cc. 

Hospital  course  (chart  4).— Throughout  the  first  ,u •<  k  of  hospitalization  the  patient’s 
fever  remained  high  nd  the  ras.i  appeared,  with  nrense  -onjunctival  injection  and  the 
development  of  petechiae  in  the  left  conjunctiva  -nc.  "^ne  patient,  actively  delirious, 
became  very  talkative  and  attempted  to  get  out  of  intake  by  mouth  continued  satis¬ 
factorily  until  the  12th  day  of  disease  when  subcutaneous  injections  of  u  percent  dextrose 
in  saline  and  normal  saline  became  net  i  s.sary  for  the  next  12  days. 

On  the  13th  day  he  became  more  stuporous  and  then  semicomatose.  He  lay  with 
half-opened  eyes,  breathing  quietly.  Facial  grimaces  and  grinding  of  the  teeth  were  noted. 
Fluid  intake  by  mouth  practicall,^  ceased.  He  was  put  on  constant  biadder  drainage  on 
this  day  becau.se  of  urinary  retention.  His  condition  remainetl  much  the  same  to  the 


6  Yeomans,  A..  Snyder,  J.  C.,  Murray.  E.  S.,  Zarafonetis,  C.  J.  D.,  and  Ecke,  R.  S. :  The  Therapeutic 
Effect  of  Para-Aminobenzolc  Acid  in  Louse  Borne  Typhus  Fever.  J.A.M.A.  126:  349-356,  7  Oct  1944 
^  Yeomans,  A..  Snyder.  J.  C..  Murray,  E.  S.,  Ecke.  K.  S.,  and  Zarafonetis,  C.  J.  D. Azotemia  In 
Typhus  Fever.  Ann.  Int.  Med.  23  :  711-753,  November  1945. 
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Chart  4. — Clinical  and  laboratory  findings  in  patient  tcith  “E”  severity  typhus  fever 
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Source:  Yeomans,  A.,  Snyder,  J.  C.,  Murray,  E.  S.,  Ecke,  R.  S.,  and  Zarafonetia,  C.  J,  I).:  Azofemla  In  Typhus  Fever.  Ann.  Int.  Mod.  23: 

711-753,  November  104.%. 
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17th  day  of  disease.  The  rash  gradually  fude<l  out  during  this  period  and  tlie  conjunc¬ 
tival  sulTusion  disappeared. 

On  the  17th  day  slight  improvement  was  noted  in  his  mental  state.  He  stared  about 
the  ward,  his  mouth  open  in  a  wide  grimace.  When  spoken  to  he  replied  in  a  series  of 
unintelligible  whining  sounds.  There  was  no  indication  that  he  recognized  people.  The 
rash  was  no  longer  visible. 

In  tl»e  next  2  days  he  was  able  to  obey  simple  commands.  It  was  evident  that  he 
was  almost  totally  deaf.  On  the  20th  day  his  temperature  reacheil  normal  levels.  Exami¬ 
nation  showe«l  hyperactive  knee  jerks  and  ankle  jerks  but  normal  plantar  response.  An 
area  of  skin  necrosis  appeared  over  the  coccyx. 

On  the  22d  day  the  catheter  was  removed.  When  he  was  spoken  to  it  was  obvious 
that  he  was  attempting  to  reply,  but  he  could  not  articulate  and  the  facial  expressions 
were  similar  to  those  of  a  crying  baby. 

The  area  of  necrosis  over  the  lower  back  continuetl  to  enlarge.  The  patient  was 
placetl  in  a  chair  on  the  24th  day.  A  low-grade  fever  continued.  He  was  bj’  that  time 
able  to  eat  solid  food  and  the  oral  fluid  intake  gradually  increased. 

On  the  27th  day  the  patient  was  found  to  have  not  only  hyperactive  knee  and  ankle 
jerks  but  a  bilateral  positive  Babinski  reaction.  Voluntary  motion  of  the  extremities 
was  uncoordinated. 

From  this  time  onward  improvement  in  his  general  condition  was  steady  but  slow. 
The  ability  to  stand  and  walk  unassisted  returned  before  the  ability  to  form  words.  At 
the  time  of  discharge  68  days  after  the  onset  of  the  disease,  the  lesion  over  the  coccyx 
was  healed.  8p<*ech  was  slow’,  expressionless,  and  labored.  Hyperactive  reflexes  were 
still  present  in  the  lower  extremities,  but  the  positive  Babinski  phenomenon  had  dis¬ 
appeared. 

On  followup  examinations  during  the  next  4  months  the  patient  showed  progressive 
Improvement.  Mentally  he  appeared  alert.  There  was  no  residual  deafness.  The  reflexes 
in  the  lower  extremities  remained  hyperactive,  however,  and  speech  was  still  slow, 
labortHl,  and  monotonous  in  tone.  Examination  of  the  urine  showetl  normal  concentrating 
power,  no  albumin,  and  a  negative  urine  sediment.  The  anemia  that  had  developeil 
during  the  disease  was  no  longer  present. 

Case  2  (classified  as  F;  fatal,  with  post  mortem). — The  patient,  male,  aged  30,  was 

admitttsi  on  the  fourth  day  of  disease  complaining  chiefly  of  headache.  Temperature 
40.0°  ('.  p.r.  Pulse  88.  Respirations  36.  Blood  pressure  118  mm.  Hg  systolic  and  64  mm. 
dia.stolic.  Weight  116  pounds.  The  patient  appeared  moderately  ill,  mentally  clear,  with 
rapid  respirations,  and  no  cough.  A  few  poorly  defined  maculopapular  lesions  were  note«l 
over  the  chest,  abdomen,  and  arms.  The  conjunctivae  appeared  moderately  injectetl. 
The  tongue  was  moist.  A  few’  crepitant  rales  were  heard  in  the  right  midlung  field 
posteriorly.  Examination  of  the  heart  showed  nothing  remarkable.  The  spleen  was  en¬ 
larged,  but  not  tender;  its  tip  was  felt  7  cm.  below  the  costal  margin.  The  liver  was  not 
palpable,  but  was  found  enlarged  3  cm.  below  the  costal  margin  by  percussion. 

Laboratory  data  on  admission. — Hemoglobin  72  percent  (CuSO^)  ;  red  cells  4,110,000; 
white  cells  4,300,  with  76  percent  polymorphonuclear  cells.  Urine  was  amber  in  color, 
reaction  acid,  specific  gravity  1.023,  albumin  2+,  8-10  white  cells  per  hlgh-power  field, 
and  an  occasional  granular  cast  was  seen  in  the  centrifugated  sediment.  The  concentra¬ 
tion  of  nonprotein  nitrogen  was  30  mg.  per  100  cc.  of  blood.  The  plasma  proteins  were 
6.r>  gm.  per  100  cc. 

Hospital  course  (chart  5). — In  spite  of  frequent  sponging,  the  patient  continuetl  to 
run  a  high  fever  from  the  fourth  to  the  ninth  day  of  disease.  On  the  fifth  day,  the 
maculopapular  rash  Increased,  but  the  macules  were  still  scanty  and  poorly  defined.  On 
the  sixth  day,  the  patient  became  disoriented.  On  the  eighth  day  he  was  quite  drowsy 
and  vomited  twice.  His  general  condition,  however,  appeared  satisfactory.  On  the  ninth 
day  he  became  semicomatose.  The  pulse  rate  had  increased  to  between  130-140  beats  per 


150 


INFECTIOUS  DISEASES 


Chart  5. — Clinical  and  laboratory  in  a  fatal  case  of  epidemic  typhus  fever 


minute.  I’he  blood  pressure  fell.  The  respiration.?  were  rapid.  The  neck  was  resistant 
to  passive  flexion.  Examination  of  the  heart  and  lungs  was  negative.  Spinal  puncture 
revealed  an  initial  pressure  of  90  mm.,  and  the  dynamics  were  normal.  Seven  cubic 
centimeters  of  spinal  fluid  was  withdrawn.  The  final  pressure  was  60  mm.  The  cell 
count  of  the  spinal  fluid  was  5  per  cu.  mm.  The  Pandy  test  was  negative.  An  electro¬ 
cardiogram  showed  low  voltage  of  the  QRS  complexes.  The  patient  was  given  1,000  cc. 
of  5  percent  dextrose  in  saline  .subcutaneously. 

On  the  morning  of  the  10th  day,  his  general  condition  had  become  critical.  There 
was  oliguria;  the  blood  pressure  was  low;  the  heart  rate  still  rapid.  lie  was  given  100  cc. 
of  concentrated  human  albumin  intravenously.  Subcutaneous  injections  of  0.5  gm.  of 
caffeine  with  sodium  benzoate  were  given  every  2  hours.  Slight  improvement  in  his 
general  condition  was  noted  throughout  the  day,  with  a  decrease  in  heart  rate  and  a  rise 
in  blood  pressure.  The  state  of  oliguria  continued,  however.  There  was  no  increase  in 
the  rash  from  the  fifth  day. 

On  the  morning  of  the  11th  day  the  patient  had  a  generalized  convulsive  seizure 
and  died. 

At  post  mortem  examination  1  hour  after  death,  the  interesting  findings  were  as 
follows;  The  rash,  which  had  been  scanty  throughout  his  Illness,  was  not  discernible. 
No  gross  areas  of  pneumonitis  were  noted  in  the  right  lung ;  the  left  lung  was  crepitant 
throughout ;  the  bronchi  appeared  normal.  The  heart  weighed  330  gm. ;  no  gross  abnor¬ 
malities  were  seen  on  the  epicardial  or  endocardial  surfaces ;  the  ventricular  walls  were 
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of  noriual  thickness ;  the  coronary  arteries  were  patent.  The  liver  weighed  2,430  gin. ; 
its  was  grayish  in  color,  firm  and  rubbery  in  consistency;  the  surface  was  lobulateii,  with 
numerous  white  tibrotic  areas  in  the  depressions  between  the  lobules.  On  section  the  cut 
surface  was  gray.  Areas  of  dense  fibrosis  were  present  throughout  the  organ.  Numerous 
adult  schisto-somes  were  obtained  from  the  blood  in  the  portal  vein.  The  spleen  weiglied 
770  gm. ;  the  surface  was  mottled  with  numerous  white,  bluish,  and  reddish  areas,  some 
of  which  were  firm  in  consistency.  On  section  the  pulp  was  firm  and  deep  red  in  color. 
The  surface  patches  extended  a  few  millimeters  into  the  spleen  substance  and  appeared 
to  be  demarcated  by  a  narrow  zone  of  hemorrhage. 

The  right  kidney  weighed  210  gm. ;  there  were  a  few  pinpoint  hemorrhagic  spots  on 
its  surface.  On  section  the  cortex  appeareii  to  be  slightly  pale.  The  kidney  pelvis  ap¬ 
peared  normal.  The  left  kidney  weigheil  190  gm.,  with  findings  similar  to  those  seen  in 
the  right  kidney.  The  ureters  appeared  normal  and  patent.  The  mucosa  of  the  bladder 
was  of  light  yellowish  tint  and  was  thickened.  Small  areas  of  hemorrhage  were  present 
in  the  region  of  the  trigone. 

The  mucosa  of  the  large  intestine  and  rectum  showecl  mottled  areas  of  bluish  and 
brownish  discoloration.  There  were  numerous  elevated  nodules  of  0..5  to  0.7  cm.  in  diam¬ 
eter  with  smooth  surfaces.  These  were  not  pe<hinculated  and  were  pale  green  to  blue 
black  in  color.  The  findings  in  the  liver,  bladder,  and  large  bowel  were  secondary  to  an 
extensive  Schistosoma  infection. 

Pathological  physiology. — The  observation  that  there  was  a  high  inci¬ 
dence  of  nitrogen  retention  in  their  typhus  cases  led  Yeomans  and  his  asso¬ 
ciates  to  analyze  the  factors  that  might  contribute  to  its  development.  They 
reasoned  that — 

*  ♦  ♦  a  fundamental  consideration  •  *  *  [is]  that  the  caloric  and  protein  intake  of 
nearly  all  typhus  patients  is  grossly  insufficient.  There  is  good  reason  to  believe  that  the 
destruction  of  the  body  tissues  must  be  considerable  *  •  *.  In  order  to  prevent  the  accu¬ 
mulation  of  nitrogenous  metabolites  in  the  blood,  the  excretion  of  an  adequate  [amount] 
of  urine  *  ♦  *  is  necessary.  In  the  presence  of  a  greatly  increased  protein  catabolism 
it  is  apparent  that  dehydration  with  a  diminished  output  of  urine  will  have  considerable 
effect  upon  the  degree  of  azotemia  observed. 

Another  factor  ♦  *  ♦  in  the  more  critically  ill  patients  *  •  *  is  the  onset  of  renal 
insurticiency,  most  often  associated  with  a  rapid  fall  in  blood  pressure.  [This!  *  *  ♦  is 
of  .serious  prognostic  import.  In  our  experience  ♦  *  •  the  majority  of  the.se  patients  died 
with  evidences  of  overwhelming  rickettsial  infection  or  complicating  conditions,  such  as 
pneumonia,  [but]  a  rapid  diminution  in  kidney  function  was  almost  without  exception  the 
first  indication  that  the  patient  would  probably  succumb  to  the  disease.  The  *  •  ♦  z'enal 
insufficiency  itself  was  of  more  significance  than  a  fall  in  blood  pressure,  since  at  times 
such  a  fall  was  not  observed  or  occurred  in  the  absence  of  renal  failure.  At  present  we 
have  no  evidence  to  indicate  that  the  loss  of  renal  function  observed  in  these  critically 
ill  patients  was  due  to  other  than  extrarenal  factors. 

In  French  Morocco,  Maj.  Tlieodore  E.  Woodward,  MC.  of  the  U.S.A. 
Typhus  Commission  collaborated  with  Maj.  (later  Lt.  Col.)  Edward  F. 
Bland,  MC,  6th  General  Hospital,  in  a  study  of  30  native  patients  with  typhus 
fever.®  They  draw  a  composite  picture  of  the  pathological  physiology  of 
severe  typhus  as  follows: 

The  patient  is  acutely  ill  and  very  toxic,  with  a  significantly  low  arterial  ten.sion  and 
a  labile  pulse.  Usually,  unless  actively  supported,  the  patient  becomes  dehydrated,  the 

8  Woodward.  T.  E..  and  Bland.  E.  F. :  Clinical  Observations  in  Typhus  Fever,  With  Special  Refer¬ 
ence  to  the  Cardiovascular  System.  J.A.M.A.  126:  287-293,  30  Sept.  1944. 
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rtnl  cells  liecrease  and  plasma  proteins  fall  with  a  ccaisiderable  loss  of  the  albumin  frac¬ 
tion,  indicating  a  reduced  colloidal  osmotic  pressure.  All  factors  indicate  a  drop  of  blood 
volume  with  the  pattern  of  hyi>oproteinemia,  hypochloremia.  and  hemodilution  without 
blood  destruction.  The  unstable  circulation  results  in  lowered  glomerular  filtration  pres¬ 
sure,  and  hence  oliguria  and  anuria  occur.  The  kidney,  partially  damaged  by  the  siiecific 
pathologic  condition  and  called  on  to  eliminate  an  increased  amount  of  nitrogenous  waste, 
is  unable  to  function  normally  unless  adequately  supporteil  by  fluids.  Lowered  blood 
volume  means  less  adequate  filling  of  the  heart  during  diastole  and  hence  lowered  cardiac 
output.  Each  beat  of  the  heart  is  less  etllcient.  The  use  of  cardiac  stimulants  under 
these  conditions  is  Ineffectual,  but  when  the  volume  of  the  blood  is  restored  the  organ 
can  operate  more  efficiently. 

Woodward  and  Bland  note  that  the  typhus  lesion  had  been  demonstrated 
by  Wolback  and  his  associates  in  heart  muscle,  in  the  kidney,  and  in  almost 
every  other  organ.  However,  the  degree  of  both  cardiac  and  renal  changes 
they  observed  was  not  disproportionate  to  the  pathological  changes  occurring 
elsewhere,  and  from  their  clinical  studies  it  appeai-s  “unlikely  that  cardiac 
failure  as  such  is  often  a  significant  factor  in  the  outcome  of  the  fatal  case.” 
In  treatment,  they  advocate  “general  supportive  measures  to  increase  the 
circulating  blood  volume.” 

Metabolic  studies. — These  observations  focused  attention  on  the  azotemia 
and  hypochloremia  associated  with  a  high  proportion  of  typhus  fever  cases. 
Since  a  better  understanding  of  electrolytes  and  protein  metabolism  was 
deemed  essential  for  appropriate  supportive  treatment,  Tierney  and  Yeomans® 
undertook  metabolic  studies  in  cases  of  typhus  fever  on  the  Commission  ward 
in  Cairo. 

Tierney  and  Yeomans  determined  the  carbon  dioxide  content  and  the 
chlorides  of  the  serum  in  34  cases.  They  found  the  serum  chlorides  to  be 
low  in  62  percent  of  the  patients  during  the  first  2  weeks  of  disease,  but  the 
serum  carbon  dioxide  content  was  appreciably  reduced  in  only  four  cases. 
Explanation  was  sought  for  the  low  serum  chlorides  in  the  early  stages  of 
typhus.  The  diets  of  these  patients  were  probably  poor  in  salt  prior  to 
hospitalization,  but  this  was  not  an  important  factor  since  there  was  no  con¬ 
spicuous  chloride  deficit  in  patients  admitted  to  the  Commission  ward  with 
relapsing  fever  and  typhoid  fever.  Perspiration  was  not  a  factor,  as  it  was 
rarely  observed;  indeed,  failure  to  perspire  was  noted  in  typhus  patients  not 
only  in  the  dry  climate  of  Egypt  but  also  in  moist  climates.  The  salt  was 
not  lost  in  the  urine,  for  urinary  excretion  was  in  relation  to  the  concentra¬ 
tion  of  chlorides  in  the  serum;  when  serum  chlorides  fell  below  normal  levels, 
the  urinary  chlorides  diminished  markedly.  The  fact  that  the  serum  chlorides 
returned  to  normal  spontaneously  in  spite  of  a  poor  salt  intake  was  taken  as  evi¬ 
dence  that  the  salt  was  not  lost  by  the  body  and  that  the  lowered  chloride  con¬ 
centration  was  therefore  due  to  expansion  of  the  extracellular  fluid  volume. 
During  the  early  stage  of  typhus,  the  patients  frequently  have  nonpitting 

0  Tierney,  N.  A.,  and  Yeomans,  A. ;  Metabolic  Studies  in  Louse-Borne  Typhus ;  Observations  on 
Serum  Electrolyte  Pattern,  Serum  Protein  Partition,  and  Nitrogen  Balance.  J.  Clin.  Investigation  25 : 
822-837,  November  1946. 
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edema;  in  the  later  stage,  shortly  before  defervescence  there  is  often  a  fairly 
marked  diuresis.  These  observations  are  in  keeping  with  the  suggestion  that 
early  in  the  disease  tliere  is  an  increase  in  extracellular  fluids,  which  would 
lower  the  serum  chlorides,  and  later  in  the  disease  there  is  a  loss  of  extra¬ 
cellular  fluid  by  diuresis  with  a  resultant  increase  in  serum  chlorides.  The 
pll  was  normal  in  all  of  the  patients  except  one  who  had  renal  failure  and 
acidosis.  The  total  base  was  also  normal  in  all  but  one  of  the  subjects  studied. 
In  all  instances,  the  quantity  of  undetermined  acid  anions  was  inci’eased  in 
the  majority  of  cases  equaling  that  found  in  severe  metabolic  acidosis. 

The  total  serum  proteins  were  normal  in  approximately  75  percent  of  the 
patients,  but  the  majority  showed  a  depression  of  the  albumin  fraction  and  a 
very  striking  elevation  of  the  globulin  fraction  to  over  40  percent  in  the 
average  case.  An  electrophoretic  analysis  of  sera  obtained  from  a  severely 
ill  patient  on  the  ward  of  the  Cairo  Unit  of  the  Typhus  Commission  showed 
that  the  relative  proportion  of  albumin  and  the  albumin  to  globulin  ratio  was 
markedly  reduced  on  the  fourth  day  of  fever  and  through  convalescence.  The 
alpha  and  beta  globulins  were  practically  unaffected,  but  the  gamma  globulin 
was  strikingly  increased  on  the  fourth  day  and  was  even  higher  in  con¬ 
valescence. 

Nitrogen  balance  studies  were  performed  on  21  subjects.  Eight  of  the 
patients  were  given  high-protein,  high-caloric  diets;  ten,  low-protein,  low- 
caloric  diets;  and  three  were  given  a  combination  of  these.  It  was  found 
that  there  was  no  relationship  between  nitrogen  output  and  intake  or  between 
protein  destruction  and  azotemia.  A  high-protein,  high-caloric  diet  decreased 
nitrogen  wastage  and  loss  of  body  weight  during  the  acute  phase  of  typhus. 
Indeed,  positive  nitrogen  balance  was  achieved  in  five  of  the  patients  studied. 

Dietary  management. — From  these  and  other  observations  on  the  Com¬ 
mission  ward,  the  following  recommendations  were  made  with  regard  to 
management  of  diet,  electrolytes,  and  fluids  in  the  typhus  patient: 

1.  A  liquid  diet  high  in  protein  and  calories  should  be  given.  With 
diligent  nursing,  the  average  patient  will  ingest  at  least  90  gm.  of  protein 
and  2,500  calories  a  day.  If  the  patient  is  too  ill  to  take  the  diet,  Amigen 
may  be  given  intravenously. 

2.  The  routine  administration  of  large  amounts  of  sodium  chloride 
without  determining  the  serum  chlorides  should  be  avoided.  By  including 
in  the  diet  or  in  the  parenteral  fluids  4  to  6  gm.  of  sodium  chloride  a  day, 
the  serum  chlorides  should  be  kept  within  normal  limits  and  good  state  of 
hydration  achieved.  Usually,  the  fluid  intake  should  be  maintained  between 
3  and  4  liters  daily. 

3.  The  urine  output  should  be  at  least  1  liter  a  day,  and  preferably  1.5 
liters.  As  a  marked  drop  in  the  urine  output  is  an  ominous  sign,  particularly 

10  Dole,  V.  P.,  Yeomans,  A.,  and  Tierney,  N.  A. :  Electrophoretic  Changes  in  the  Serum  Protein 
Pattern  of  a  Patient  With  Typhus  Fever.  .T.  Clin.  Investigation  26  :  298-300,  March  1947. 
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if  associated  witli  a  full  in  the  arterial  blood  pressure,  plasma  or  blood 
tnuisfusions  in  such  cast's  are  ur#(ently  required. 

4.  In  cases  of  shock  or  impending  shock,  plasma  or  blootl  transfusions 
are  indicated.  The  effect  of  plasma  or  blood  transfusions  on  hypoalhu- 
minemia  is  transient.  In  order  to  produce  any  significant  change,  very  large 
amounts  of  plasma  over  a  i)eriod  of  days  would  l)e  rerpiired. 

5.  Acid  salts,  such  as  ammonium  chloride,  are  «)hviously  contraiiulicated 
because  of  the  increase  in  undetermined  acids  in  the  blood. 

Epidemic  in  Italy. — The  clinical  observations  that  iiave  Ihhmi  described 
were  carried  out  under  relatively  ideal  conditions.  Howevei’,  memU'rs  of 
the  Typhus  (Commission  and  other  physicians  of  the  U.S.  Army  Medical 
Service  saw  thousands  of  additional  cases  under  epidemic,  and  often  chaotic, 
coiulitions  throughout  Euro|)e  and  the  Far  Fast.  In  a  few  instances,  efforts 
were  made  to  glean  clinical  <lata  even  under  the  most  advei’se  of  circum¬ 
stances.  These  reports  will  l)e  mentioned  briefly. 

The  epidemic  at  Naples,  Italy,  during  1{)4:{  and  11)44  involve*!  some  1,407 
cases  within  the  city  itself  and  402  cast's  outside  Naples.  Vigorous  applica¬ 
tion  of  delousing  measures  quickly  brought  this  epidemic  under  control.  This 
historic  accomplishment  has  been  detaiUul  by  Ilayne-Jones."  Here,  it  will 
suftice  to  note  that  the  case  fatality  rate  was  about  22.C  percent.  Woodward,*'** 
in  his  report  of  the  activities  of  the  flying  sciuadron  group  for  typhus  control 
outside  Naples,  recorded  brief  observations  on  257  cases  diagnosed  on  the 
basis  of  clinical  findings,  along  with  serological  tests.  Of  interest  was  the 
relatively  high  incidence  in  children,  many  of  whom  showed  a  characteristic 
rsish  and  were  moderately  ill. 

Observations  in  concentration  camps. — Maj.  William  A.  Davis.  M(^ 
while  serving  as  liaison  officer  from  the  U.S.A.  Ty[)hus  (^)mniission  to  the 
21st  .Vrmy  (Jroup,  recorded  the  typhus  fever  epidemic  that  (xa'urred  at  the 
Delsen  (’oncentration  (’amp,  Helst'u,  Germany.'®  This  camp  was  taken  by 
the  Hritish  Second  Army  on  15  April  11)45.  Among  the  61,000  inhabitants, 
there  was  widespread  suffering  from  .starvation,  typlms,  dysentery,  tubercu¬ 
losis,  and  other  diseases.  Typhus  had  been  prevalent  in  the  camp  for  4 
months,  and  there  were  appro.ximately  15,500  cases  at  the  time  of  liberation. 
Practically  all  of  the  internees  w'ere  heavily  infested  with  lice. 

Davis  stated  that  the  appraisal  ami  diagnosis  of  cases  was  peculiarly 
difficult  in  this  group.  Prostration,  semistupor,  dehydration,  loss  of  weight, 
weakness,  tremors,  and  a  petechial  rash,  which  are  considered  characteristic 
of  typhus,  were  so  common  in  the  starving,  louse-infected  people  that  he 

11  Uaync-JoncH,  Stunliop<> :  Kpidcmk'  Typliiiii  In  tin*  Mf'dlt)‘rrnn<>nii  Aron  Duriiie  World  Wnr  11. 
In  lUokrttHlol  I>lHvaHCs  of  .Miin.  WuHliington  :  Anioriciin  AHHociatlun  for  tho  AdvaiK.'ciiiciii  of  Srletiii', 
1048.  pp.  1-15. 

12  Woodward,  T.  E.  :  History  of  Flylnit  S(|uadron  (Sroup  for  Typhus  Control  In  Italy.  To  the 
Field  Director,  IT.S.A.  Typhus  Cuiiiiulssion,  20  Mur.  1944. 

IS  Davis,  W.  A.  ;  Typhus  at  Ilelsen.  I.  Control  of  the  Typhus  Epidemic.  Am.  J.  II.vr.  40  :  00-83, 
July  1047. 
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foiuul  these  signs  of  little  value.  The  rash  was  mild;  very  few  had  evvhy- 
most's,  and  the  usual  Hnding  was  a  staitteretl  peteehial  exanthem  best  seen 
after  the  patient  had  been  washed.  Gangrene  was  eoinmon,  particularly  dry 
gangrene  of  the  toes.  Pleuritic  pain  was  a  freciuent  complaint  in  the  ])ost- 
typhus  period.  About  .‘10  cases  of  parotitis  were  observed  that  re<}uired 
incision.  Several  patients  had  polyneuritic  leg  pains,  which  may  have  re¬ 
flected  vitamin  B  deficiency  exacerbated  by  the  increased  metabolic  demands 
of  fever.  No  statistics  were  available  on  the  death  rate  from  typhus  fever 
at  Belsen. 

Epidemic  typhus  fever  was  also  prevalent  at  the  Dachau  Concentration 
Camp,  Dachau,  Germany,  when  it  was  liberated  by  the  Seventh  U.S.  Army 
on  29  April  1945.  Measvses  were  taken  to  control  the  disease,  and  special 
clinical  facilities  Avere  n,.ide  available  to  the  Typhus  Commission  at  the 
116th  Plvacuation  Hospital.  On  16  Maj'  1945,  six  nurses  from  the  59th 
Evacuation  Hospital  arrived  and  began  their  duties  on  the  Typhus  Commis¬ 
sion  Service,  a  special  ward  of  64  beds  which  admitted  patients,  83  in  all, 
until  30  May  1945.  The  ward  was  closed  9  June  1945.  Most  of  these 
patients  were  treated  with  PABA  ( para-aminobenzoic  acid)  or  serum  ther¬ 
apy  as  discussed  in  the  section  oti  treatment  (p.  192).  Here,  the  data  on 
121  untreated  controls  are  of  interest.  These  were  male  patients  of  various 
nationalities  in  the  wards  of  the  116th  Evacuation  Hospital,  ranging  in  age 
from  17  to  58  years,  with  an  average  age  of  28  years.  The  duration  of  fever 
averaged  16.2  days  in  this  group. 

Of  particular  interest  is  the  observation  that  the  typhus  fever  encoun¬ 
tered  at  Dachau  Avas  clinically  a  miid  disease.  FeAA’er  patients  AA’ere  seen 
with  full-bloAvn  rashes  than  in  other  epidemics.  There  appeared  to  be  less 
prostration  and  delirium,  and  a  shorter  convalescence.  To  be  sure,  there 
were  some  severe  cases,  but  not  so  many  as  had  been  expected.  The  com¬ 
parative  mildness  of  the  disease  was  surprising  to  Commission  observers 
who  had  seen  patients  in  Cairo,  Naples,  and  elsewhere,  and  had  anticipated 
that  the  general  debility  of  the  Dachau  patients  Avouid  predispose  them  to 
a  considerable  mortality.  The  fatality  rate  from  typhus  for  all  Dachau 
hospitals  during  9  May  to  9  June  1945,  Avas,  however,  9.1  percent. 

Additional  serious  outbreaks  of  typhus  fever  Avere  encountered  among 
civilian  populations  in  other  areas  of  the  European  Theater  of  Operations, 
U.S.  Army,^®  and  in  Japan  and  Korea, but  circumstances  prevented  the 
undertaking  of  special  clinical  studies  during  these  epidemics. 

■  A  Rpport  on  tho  .Activities  of  the  ir.S..\.  Typhus  Commission  at  the  Dachau  Concentration 
Camp,  DacliMM.  Germany,  10  May  194.A-10  .Tune  104i>.  prepared  by  I.t.  Conidr.  A.  A’eomans,  MC  ;  Maj. 
C.  .1.  TT.  Zarafonetis,  MC :  Cai)t.  D.  II.  tMemciit,  AlC :  I.t.  Comdr.  R.  A.  Phillips,  SIC,  USNR;  and 
I.t.  Col.  .1,  Snyder,  SIC. 

i’>  Gor  ion,  .Tohn  E.  :  I.ou.,e-Horne  Tyidins  I-'ever  in  the  European  Theater  of  Operations.  U.S.  Army, 
1045.  In  Rickettsial  Diseases  of  Man.  AA’asliinKton  ;  American  .Association  for  the  Advancement  of 
Science,  1048.  pp.  10  27. 

’•  Si  oville,  Addison  B.,  .Ir.  :  Epidemic  Typlnis  Fever  in  .lajmn  and  Korea.  In  Rickettsial  Dis- 
ea.ses  of  Man.  AA’ashiiiKton  :  .American  .Association  for  me  .Advancement  of  Science.  104.S,  pp.  28-.35. 
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The  Disease  in  Vaccinated  Individuals 

The  remarkable  record  of  low  morbidity  with  no  fatalities  from  epi¬ 
demic  typhus  fever  in  the  U.S.  Army  during  the  war  years,  1942-45,  was 
achieved  by  taking  adequate  protective  measures  against  the  disease.  One 
of  the  most  important  was  the  compulsory  immunization  of  all  soldiers 
going  to  areas  where  epidemic  typhus  was  present  or  suspected.  Accord¬ 
ingly,  those  few  cases  that  did  occur  in  troops,  along  with  those  encountered 
in  certain  special  studies,  offer  an  unusual  opportunity  to  analyze  the  modi¬ 
fications  of  clinical  course  resulting  from  vaccination.  The  value  of  sero¬ 
logical  tests  in  the  diagnosis  of  typhus  in  vaccinated  individuals  is  implicit 
in  the  clinical  material  to  be  summarized,  although  particular  consideration 
of  these  tests  will  be  left  for  the  section  on  laboratory  metliods  (p.  179). 

The  Cox  (U.S.  Army)  vaccine. — Early  work  by  Da  Rocha-Lima  (1918) 
and  Weigl  (1920)  suggested  that  killed  suspensions  of  typhus-infected  lice 
or  infected  louse  feces  could  endow  some  immunity  as  vaccines.  However, 
these  and  other  methods  advanced  for  vaccine  preparation  up  to  1938  were 
not  practical  for  large-scale  production.  It  was  a  highly  significant  discov¬ 
ery,  therefore,  when  Cox  demonstrated  in  1938  that  rickettsiae  could  be 
grown  in  the  yolk  sac  of  the  developing  chick  embryo.  Cox  and  Bell  soon 
prepared  an  epidemic  typhus  vaccine  which  consisted  of  a  killed  suspension 
of  micro-organisms  grown  in  yolk  sacs  and  purified  by  centrifugation.  Sub¬ 
sequent  modifications  included  an  ether-extraction  technique  devised  by 
Craigie  and  the  incorporation  of  soluble  antigen  in  the  vaccine.®®  The 
resultant  product  Avas  not  only  satisfactory’^  from  the  standpoint  of  potency 
but  was  also  feasible  for  commercial  production.  The  final  product  used 
by  the  ILS.  Army  consisted  of  a  10-percent  yolk-sac  suspension  of  the  Breinl 
strain  of  R.  'prov^azeM^  extracted  with  ether;  it  contained  both  killed  micro¬ 
organisms  and  soluble  substances.  Up  through  1943,  the  initial  vaccination 
for  TLS.  Army  personnel  consisted  of  three  injections  of  the  vaccine.  1.0 
cc.  each,  administered  subcutaneously  at  intervals  of  7  to  10  days,  with 
stimulating  doses  given  every  6  months  in  endemic  areas.  As  the  vaccine 
was  improved  in  potency  through  improA^ement  in  production,  the  initial 
immunization  series  was  reduced  in  mid-1944  to  two  doses  of  vaccine,  with 


1'  Cox,  H.  R.  :  Use  of  Yolk  Sac  of  Developint;  Chick  Embryo  as  Medium  for  Growinp  Rickettsiae 
of  Rocky  Mountain  Spotted  Fever  and  Typhus  Groups.  Pub.  Health  Rep.  5.*? :  2241-2247,  23  Dec.  1938. 

18  Cox,  H.  R.,  and  Bell,  E.  J. :  Epidemic  and  Endemic  Typhus  :  Protective  Value  for  Guinea  Pigs 
of  Vaccines  Prepared  From  Infected  Tissue.s  of  Developing  Chick  Embryo.  Pub.  Health  Rep.  55:  110- 
115,  19  .Tan.  1940. 

18  Craigie,  .T.  :  Application  and  Control  of  Ethyl-Ether-Water  Interface  Effects  to  the  Separation 
of  Rickettsiae  From  Y'olk  Sac  Suspensions.  Canad.  .T.  Research,  Sect.  E.  23  :  104-114,  June  1945. 

20  (1)  Plotz,  H. :  Report  on  the  Testing  of  Four  Different  Typhus  Vaccines  in  Guinea  Pigs,  20  Mar. 
1942,  to  Col.  George  R.  Callender,  MC,  Director.  Army  Medical  School,  Army  Medical  Center,  Wash¬ 
ington,  D.C.  (2)  Topping.  N.  H.,  and  Shear,  M.  J. :  Studies  of  Antigens  in  Infected  Yolk  Sacs.  Pub. 
Health  Rep.  59  :  1671-1675,  29  Dec.  1944. 
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stimulating  doses  at  the  beginning  and  in  the  middle  of  the  typhus  season 
(1  Novembei-  and  1  February  in  the  Northern  Hemisphere) 

As  might  be  expected,  a  satisfactory  field  trial  of  vaccine  of  the  Cox 
type  was  one  of  the  principal  objectives  of  the  Typhus  Commission  when 
it  was  formed  in  1942.^-  In  January  1943,  the  field  group  of  the  Commis¬ 
sion,  with  the  cooperation  of  the  Egyptian  Ministiy  of  Public  Health,  began 
a  study  on  the  effect  of  the  vaccine  in  a  large  number  of  persons  intimately 
exposed  by  their  occupations  to  naturally  acquired  typhus  fever.  This  study 
was  continued  through  the  epidemics  of  1943  and  1944.  The  subjects  were 
employees  of  the  Cairo  Fever  Hospital  at  Abassia  and  the  Embaba  Hos¬ 
pital.  Because  of  the  exceptionally  large  numbers  of  patients  with  typhus 
being  admitted  to  these  hospitals,  the  hospital  staff  was  unusually  exposed 
to  the  infection,  and  in  addition  many  of  the  employees  lived  in  areas  of  the 
city  where  attack  rates  were  high.  Before  1943,  these  workers  had  not  been 
vaccinated  against  typhus.  During  1943  and  1944,  vaccine  of  the  Cox  type 
was,  accordingly,  administered  to  all  employees  who  desired  it.  Careful  rec¬ 
ords  were  kept  on  more  than  800  employees  at  Abassia  and  over  500  at  Em¬ 
baba.  Most  of  those  who  contracted  febrile  illnesses,  whether  vaccinated  or 
not,  were  seen  by  one  or  more  of  the  Commission  members.  During  the 
course  of  these  two  typhus  seasons,  a  group  of  61  postvaccination  cases  were 
observed. 

Despite  the  mild  course  that  distinguished  many  of  these  cases,  Ecke 
and  his  associates’^  usually  found  it  possible  to  recognize  the  disease  on 
clinical  grounds  alone,  and  laboratory  tests  confirmed  the  diagnosis  in  al¬ 
most  every  case.  In  some  patients,  however,  the  diagnosis  of  typhus  was 
made  only  by  a  rise  in  titer  in  the  Weil-Felix  and  complement  fixation  tests 
during  illness  or  in  early  convalescence.  The  diagnostic  significance  of  these 
laboratory  aids  had  been  worked  out  by  Zarafonetis  in  studies  of  100  known 
febrile  illnesses  other  than  typhus  and  16  definite  cases  of  postvaccination 
typhus.  In  brief,  he  found  that,  on  the  one  hand,  nontyphus  febrile  illnesses 
do  not  evoke  high  complement  fixation  titers  in  the  sera  of  patients  who  have 
had  multiple  doses  of  vaccine  of  the  Cox  type.  On  the  other  hand,  typhus 
infections  regularly  do  stimulate  high  complement  fixation  titers  in  the  sera 
of  vaccinated  patients.  Similar  results  were  usually  obtained  with  the  Weil- 
Felix  test.  So  interpreted,  these  laboratory  aids  could  be  relied  upon  in 
those  cases  where  the  clinical  evidence  alone  was  inadequate  for  diagnosis, 
either  l)e<*ause  of  inconsj)icuous  .sym)>toms  or  insufficient  observation  (p.  179). 


-I  Siidusk,  .1.  F..  .Tr.  ;  Typlnis  Fover  In  tlip  FnitPa  StatPS  .Vrmy  FnllowinK  Inimunij’.ntioii  :  Iiici- 
(Ipnpp.  Spvprity  nf  tlip  Dispasp.  Modiflpatlon  of  the  OHnieal  Conrsp,  and  Serolojric  Diagnosis.  .l.A.M.A. 
:  1192-11!)9,  19  Apr.  1947. 

22  See  footnote  3,  p.  144. 

Kekp,  K.  S..  (filliam.  A.  O.,  Snyder.  .T.  C..  Yeomans.  A..  Zarafonetis.  C.  .T.  P..  and  Murray.  K.  S. 
The  Kflreet  of  Cox-Type  Vaepine  on  I.onsp-norne  Typhus  Fever;  .\n  .Veconnt  of  fil  Cases  of  Naturally 
Oceurriiiff  Typhus  Fever  In  Patients  Who  Had  Previously  Received  One  or  More  Injections  of  Cox-Type 
Vaccine.  Am.  .1.  Trop.  Med.  25  :  447-462,  November  1945. 
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I’liese  post vaivinat ion  cases  wore  arbitrarily  classilieil  in  the  catejrories 
devised  for  typhus  in  nonvairinated  j)ersons  (p.  145)  witli,  in  addition  to 
B,  (',  I).  E.  and  F  «j;roups,  an  A  jjroiip  for  cases  “so  mild  that  a  delinite 
diafinosis  of  typhus  on  clinical  evidence  alone  was  not  possible,  the  linal 
dia<rnosis  beinjr  made  only  with  the  aid  of  laboratory  data."  The  oases  were 
further  ^rotiped  according;  to  the  amount  of  vaccine  received  and  the  interxal 
between  the  last  inoculation  and  the  onset  of  illness. 

The  course  of  typhus  fever  in  vaccinated  Egyptians  was  recorded  by 
the  Typhus  Commission  observers,  as  follows: 

Group  1  (three  doses  of  vaccine  at  least  21  days  prior  to  onset). — Clin¬ 
ical  notes  from  the  records  of  five  patients  who  were  thoroughly  studied  on 
the  Commission  ward  illustrate  some  of  the  features  of  post  vaccination 
typhus. 

Case  1. — Three  doses  of  vaccine,  the  last  dose  39  days  l)efore  onset.  Male,  aged  4."> 
years.  Tliis  patient  had  a  severe  chill  the  first  day  combined  with  frontal  headache  and. 
later,  joint  jiains.  Hash  was  moderate.  His  mild  course  was  marked  latterly  by  the 
development  of  bilateral  costovertebral  pain  and  microscopic  hematuria,  .\fter  12  days 
of  moderate  elevation  of  temperature  he  continued  to  maintain  a  low-jrrade  fever  until 
the  21st  day.  (The  imiiortance  of  his  hematuria  in  relation  to  typhus  is  not  clear:  ISil- 
harzia  infection  is  widespread  In  Eg.vpt.)  Clinical  classification  of  severity:  It. 

Case  2. — Five  doses  of  vaccine,  the  last  dose  117  days  before  onset.  Male,  aged  2C> 
years,  Tyiihus  Commission  field  worker.  He  had  rather  severe  headache  and  malaise. 
The  rash  was  lleeting  but  definite.  With  the  history  and  the  rash  no  ditliculty  was  exjH*- 
rienced  in  making  the  diagnosis,  though  the  course  was  mild.  Fever  lasted  9  days.  Clini¬ 
cal  classification  of  severity:  11. 

Case  3. — Three  doses  of  vaccine,  the  last  dose  87  days  before  oirset.  The  patient,  male, 
aged  4.">  years,  appejired  to  be  at  least  .V».  He  was  never  especially  ill  during  his  course. 
He  developed  a  tremor  of  his  limbs,  almost  parkinsonian  in  character.  This  disappeareil 
during  (‘onvalescence.  Fever  lasted  12  days.  Clinical  classification  of  severity:  It. 

Case  4. — Three  doses  of  vaccine,  the  last  dose  1(X3  days  la'fore  on.set.  Male,  aged  IS 
years.  This  case  was  a  probiem  in  diagnosis.  Moderately  ill :  said  he  felt  "weak.”  but 
had  no  specific  complaint.  There  was  nothing  to  be  found  hut  a  very  few  thn'ting  macules 
requiring  careful  search.  There  was  no  conjunctival  injection.  Fever  lastwl  Id  days. 
Clinical  classification  of  severity:  It. 

Case  5. — Five  do.se.s  of  vaccine,  the  last  dose  79  days  before  onset.  An  obese  male, 
agf^l  :t:i  .vear.s.  He  complained  of  generalized  body  pains,  e.spwiall.v  in  the  knet‘s.  and 
said  he  felt  “feverish."  He  hail  .severe  headaidie.  There  was  .some  tinnitus  and  .slight 
deafness.  His  course  was  mild.  Fever  lasted  8  da.vs.  Clinical  classification  of  severity  :  It. 

The  average  duratiou  of  fever  for  all  the  jiatients  in  grotip  1  was  lOi/o 
clays.  The  cases  were  classed  as  follows:  1  in  A.  20  in  B,  5  in  C,  none  in 
D,  E,  or  F.  Fifteen  of  the  patients  were  females,  average  age  22.7  years; 
11  patients  were  males,  average  age  ol..S  years. 

Group  2  (two  doses  of  vaccine  at  least  21  days  prior  to  onset).— The 
seven  jiatients  in  group  2  had  an  average  duration  of  fever  of  12  day.s.  The 
cases  were  classed  as  follows:  4  in  B,  .‘i  in  (\  Four  patients  were  female.®, 
average  age  19  years.  Three  patients  were  males,  average  age  28  years. 

Group  3  (one  dose  of  vaccine  at  least  21  days  prior  to  onset). — The  11 
patients  in  group  3  had  an  average  duration  of  fever  of  12.7  days.  The  cases 
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were  classed  as  follows:  -2  in  11,  8  in  C,  and  1  in  1).  Five  patients  were  fe¬ 
males.  avera^fe  age  21  years.  Six  patients  were  males,  average  age  34  years. 

Group  Jf.  (onset  of  typhus  less  than  12  days  after  first  dose  of  vaccine). 
— There  were  17  patients  in  group  4.  The  average  duration  of  fever  in  the 
nonfatal  cases  was  15  days.  The  cases  were  classed  as  follows:  4  in  11.  8  in 
C,  4  in  D,  and  1  in  F.  There  were  12  females,  average  age  23.6,  and  5  males, 
average  age  27.8  years. 

In  discussing  these  results,  Ecke  and  his  coworkers  pointed  out  that, 
before  the  vaccination  program  was  undertaken,  typhus  fever  among  the 
employees  of  the  Cairo  Fever  Hospital  was  characteristically  severe.  The 
relatively  few  employees  who  remained  unvaccinaied  and  contracted  typhus 
during  the  study  period  were  likewise  severely  stricken.  By  contrast,  among 
those  who  had  received  two  or  more  doses  of  Cox  vaccine  21  days  or  more 
before  the  onset  of  illness  (groups  1  and  2),  there  were  no  severely  ill  ])a- 
tients,  that  is,  D,  E,  or  F  cases,  whereas  two-thirds  of  the  unvaccinated 
patients  in  the  same  age  groups  fell  into  the  severe  groups,  D,  E.  or  F. 
(Compare  with  the  64  nonvaccinated  cases  summarized  on  p.  147.)  On  the 
basis  of  these  observations,  and  insofar  as  attenuation  of  clinical  course  is 
concerned,  it  was  postulated  that  adequate  vaccination  against  typhus  could 
be  defined  as  two  or  more  doses  of  Cox-type  vaccine  of  standard  potency 
administered  more  thait  21  days  before  the  onset  of  typhus. 

On  the  basis  of  their  observations  during  this  study,  Ecke  and  his  co¬ 
workers  recommended  that  vaccination  be  included  in  epidemic  control  pro¬ 
grams. 

Sadusk  consolidated  much  of  the  information  regarding  epidemic 
typhus  fever  that  occurred  in  U.S.  Army  personnel  subsequently  to  immuni¬ 
zation.  His  report  contains  details  of  five  cases,  three  in  members  of  the 
Typhus  Commission.  These  case  histories  will  illustrate  the  course  of  ty¬ 
phus  fever  in  vaccinated  Americans  and,  at  the  same  time,  will  serve  as  a 
reminder  of  the  added  health  hazards  to  which  medical  officers  are  at  times 
exposed  in  line  of  duty. 

Case  1. — A  41-year-old  male  ofllcer,  member  of  the  U.S.A.  Typhus  Commission,  for 
almost  a  month  before  the  onset  of  illness  was  encased  in  typhus  research  work  in  Cairo, 
Egypt,  together  with  the  officer  described  in  case  2.  They  were  both  daily  exposed  to 
infection  with  typhus  by  examining  patients,  picking  infectetl  lice  off  rabbits  and  patients, 
and  handling  and  grinding  infected  louse  feces  for  injecting  into  experimental  animals. 
During  the  preceding  2  years,  this  oHicer  had  received  a  total  of  22.0  cc.  of  vaccine  in 
single  1.0  cc.  doses.  Five  cubic  centimeters  of  this  vaccine  was  of  an  experimental  lot 
and  contained  both  epidemic  and  murine  virus.  The  last  dose  of  vaccii-e  was  given  on 
1  March  1944. 

On  21  May  1944,  the  patient  had  a  mild  headache,  general  malaise,  and  felt  feverish. 
.Ylthough  the  headache  became  more  severe  and  the  temperature  ranged  between  100.0“ 
and  101.0“  F.  during  the  next  3  days,  he  continued  his  work.  On  the  sixth  day,  26  May. 

24  See  footnote  21.  p.  157. 
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ho  took  to  his  IhhI  twH-aiiso  of  Ijoatlaoho,  fati^Ho,  anil  malaiso.  Haokacho  was  inarkoil. 
Tho  noxt  (lay  ho  roportinl  to  a  laiHlical  ilisiHMisary  whoro  physical  oxaiuiiiatioa  rovoaloU 
a  fow  pink  papalos  on  tho  loft  (laliu  and  wrist,  a  toniporaturo  of  1W.2°  K.,  and  a  palsi* 
rato  of  KM*.  Tho  rash  had  disapiioariHl  hy  tho  folhnvint;  inornint;  and  oxcopt  for  a  mild 
hoadacho,  anoroxia,  and  sonso  of  fati^tiio,  tho  pationt  did  woll  on  IhmI  rost  in  his  qiiartors, 
roportin;;  daily  to  tho  dis|M*nsary.  llo  was  afohrilo  hy  2~  May  (7th  day>  and  was  pm- 
inittod  to  romain  out  of  IhhI  on  HI  May  tilth  dayl. 

Prior  to  tho  onsot  of  typhus,  on  21  March  and  4  April  1944,  tho  Weil-Felix  reaction 
was  negative  with  both  Prutcux  and  OX  2  antigens  and  tho  compionient  tixation 

titer  was  1:8  with  opidoinic  antigen  and  1  :4  witli  murine  antigen.  Hy  the  end  of  the 
first  week  of  disease  tho  Piutrux  oX-19  titer  ro.se  to  1:20,  and  in  the  .second  week  it 
rose  to  1  :  S<t.  It  rovortod  to  negative  in  the  fourth  w«H?k.  Tho  complemetit  fixation  titer 
rost«  rapidly  to  a  high  of  1  :  1.024  in  the  .second  week.  More  than  2  year.s  later,  the  com¬ 
plement  fixation  (with  epidemic  antigen)  wa.s  still  positive  with  a  titer  of  1:10. 

Case  2. — A  .‘iri-year-old  male  officer,  member  of  the  U.S.A.  Typhus  Commis.siou,  was 
engaged  in  typhus  research  work  in  Cairo  with  the  patient  described  in  ca.se  1,  for  a 
Jiionth  prior  to  onset  of  illness.  Although  exposed  daily,  he  iwalled  that  he  wa.s  danger¬ 
ously  exposed  on  11  .lune  1944  wlmn  he  assistinl  with  the  handling  and  grinding  of 
infected  louse  feces  in  large  amounts.  During  the  period  from  23  December  1941  to 
10  Octolw'r  imn,  he  received  a  total  of  12.0  cc.  of  typhus  vaccine  in  1.0  cc.  increments. 
On  22  November  1943  he  receivinl  l.O  cc.  epidemic  typhus  vaccine  and  on  10  April  an  addi¬ 
tional  and  final  do.se  of  1.0  c<‘.  of  vaccine.  Although  the  Weil-Fellx  reaction  was  nega¬ 
tive  with  both  I‘r<)t('itx  OX-19  and  Proteus  OX-2  antigen,  the  complement  fixation  titer 
with  epidemic  antigen  was  1 : 8,  3  days  before  and  11  da.vs  after  the  last  dose  of  vaccine. 

On  23  June  1944,  the  patient  awakened  in  the  morning  with  a  mild  but  troublesome 
frontal  headaclu>  which  persisted  through  most  of  the  day,  and  the  following  day  reciirred 
together  with  malaise  and  easy  fatigability.  His  temiau'ature  was  101.0°  F.  As  the.se 
symittoins  persisted  with  an  increase  in  both  severity  and  extent  of  the  headache,  he  wa.s 
admitted  to  the  hospital  late  in  the  afternoon  of  the  next  day,  25  June.  The  following 
day  his  temiterature  was  100.4°  F.,  pulse  nite  was  80,  re.spiratory  rato  20,  blood  pr«>.ssure 
was  100  systolic  and  00  diastolic.  Although  he  did  not  appear  acutely  ill,  he  complained 
of  headache,  chilly  sensations,  and  nausea.  Ph.vsicul  examinatiou  reveahsi  only  a  marked 
injection  of  the  scleral  conjunctivae.  Later  in  the  afternoon  his  temperature  rose  to 
102.0°  F.  and  a  diduse  macular  eruption  app«*ared  over  the  anterior  chest,  arms,  shoulders, 
and  thinks  with  an  erythematous  blush  that  disapiH'ared  upon  pressure.  He  continued 
that  afternoon  and  night  to  have  slight  chills.  Hy  the  ni->t  morning  the  rash  had  defi¬ 
nitely  faded  hut  his  headache,  which  was  now  generalized,  became  exceptionally  severe. 
Chills  continued,  and  he  app»*ared  quite  ill.  There  were  intermittent,  drenching  sweats, 
and  he  complained  of  severe  backache  and  general  malai.se.  The  temperature  rose  to 
103.2°  F.  that  night  with  a  pulse  rate  of  only  !K).  Tlie  respiratory  rate  was  normal. 
Although  the  temperature  fell  to  99.2°  F.  the  following  morning  (28  June)  and  remaim'd 
below  100.(1°  F.  throughout  the  course  of  the  day,  severe  headache,  malaise,  sweating,  and 
occiisional  chills  jiersisted.  He  vomited  several  times  and  on  one  occasion  thi>re  was  a 
transient  amnesia.  During  the  course  of  the  next  2  days,  these  symptoms  persisted  but 
the  temperature  remaitUHl  relatively  low  and  the  rash  became  increasingly  less  evident, 
and  disappeared  completely  by  1  July.  On  29  June  the  physician  report **d  that  the  patient 
appeared  to  be  disoriented  for  a  brief  period  but  this  was  not  contirnusl  and  was  later 
denied  hy  the  patient.  From  30  June  on,  there  wa.s  rapid  and  progressive  improvement, 
as  illustrated  in  chart  0,  with  rapid  fall  in  temperature  by  lysis,  sulisidence  of  headache, 
malaise,  nausea,  and  vomiting,  and  rapid  increasi*  in  serological  titers  for  typhus  fever. 
On  30  June,  there  was  a  left  earache  which  disapinaired  within  48  hours  without  specific 
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Chabt  6. — Clinical  course  and  early  serological  findings  in  a  moderately  severe  case  of 

epidemic  typhus  in  a  vaccinated  individual 
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therapy.  Temperature  was  normal  by  3  July.  On  5  July  he  was  permitted  out  of  bed 
and  was  discharged  on  the  following  day  as  an  ambulatory  patient. 

During  the  course  of  the  patient’s  stay  in  the  hospital,  there  was  no  marked  hypo¬ 
tension.  On  25  June,  the  day  of  admission,  the  red  cell  count  was  4,600,000,  the  hemo¬ 
globin  was  95  percent,  and  the  leukocyte  count  was  said  to  be  6,300  with  45  percent  stab 
cells,  33  percent  polymorphonuclear  neutrophils,  20  percent  lymphocytes,  and  2  percent 
monocytes.  On  3  July  the  blood  count  was  as  follows:  red  cells  4,650,000,  hemoglobin 
95  percent,  leukocytes  5,600  with  15  percent  stab  cells,  53  percent  polymorphonuclear 
neutrophils,  18  percent  lymphocytes,  and  14  percent  monocytes.  Urine  examination  on 
26  June  was  negative.  It  was  clear  amber  and  specific  gravity  was  1.010.  Tests  for  albu¬ 
min  and  sugar  were  negative. 

Serological  tests  were  performed  daily  during  the  acute  phase  of  the  disease.  The 
Weil-Felix  reaction  with  Proteus  OX-19  antigen  remained  negative  until  the  eighth  day 
when  it  became  positive  in  a  titer  of  1:20.  It  then  rose  rapidly  reaching  a  top  figure 
of  1 : 1,280  on  the  19th  day.  It  was  still  positive  at  1 :  80  on  the  124th  day  but  when  next 
checked,  almost  2  years  after  the  onset  of  the  disease,  it  was  found  to  be  negative.  Com¬ 
plement  fixing  antibodies  began  to  rise  by  the  end  of  the  first  week  of  disease,  reaching 
a  peak  with  epidemic  antigen  of  1 :  512  by  the  19th  day.  The  titer  began  to  fall  after  the 
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Slist  ilay  and  \vl»*n  last  chwkod  almost  -  years  later,  the  tiler  was  still  j*ositive  at  1:20. 
SiH>eitie  rickettsial  aKulutiiiations  were  negative  at  that  time.  The  temi>erature  and  pulse 
rword,  aloiif:  with  other  pertinent  tindin;;s  diirin;;  the  acute  phase  of  this  ijatienfs  di.s- 
ease,  are  shown  in  chart  II. 

Case  3. — A  .‘lO-year-old  male  offlct*r,  member  of  the  U.S.A.  Typhus  Commission,  was 
cmjraited  in  t.\phns  control  work  in  Hokkaido,  Japan.  On  10  NovemlM*r  llVin,  lie  was 
lu'avily  exposed  in  the  room  of  a  Japaimse  hospital  to  dust  eontainin;;  su.spendetl  louse 
fec-es  from  the  clothing  of  a  patient  with  active  tyi»hus.  From  IT  February  to  28  July 
1044  he  hiid  rec«‘ivc>d  a  total  of  4.0  cc‘.  of  typhus  vaccine  in  1.0  cc.  doses.  On  0  May  and 
1  October  1045,  he  received  additiomil  1.0  cc.  do.ses  of  the  viici-ine.  On  <>  June  and 
4  August  1045,  serolo;;y  was  as  follows;  Weil-Feli.v  nefrative,  complement  ti.vjifion  1:10 
with  t*pideniic  anti.iteii  and  negative  with  murine  antifren,  tind  rickedtsial  asi^lutination 
1 :  40  with  epidtunic  antigen  and  ncftative  with  murine  antiKett- 

On  22  Novemlier  1045,  the  pjttient  *>xiH‘ric‘nce<l  chilly  sensations  and  generalized 
malaise.  The  followint;  day  hetidache,  apsith.v,  anorexia,  tind  irritahility  api>eared.  These* 
pc'rsistecl  durinsr  the  next  2  days  with  chilliness,  and  although  he  felt  fev«*rish  he  did  not 
tiike  his  temperature.  On  the  tifth  day,  his  temiierature  was  101.8“  F.,  pul.se  rate  was 
88,  Jtncl  respiratory  rate  was  20.  llc>adache  be«‘ame  more  .severe  and  was  preelominately 
bitemporal.  A  iiersistent  dry  hacking  cough  set  in  and  he  vomited  once.  The  next  chiy, 
sixth  day  of  di.sease.  he  refuscHl  hospital  admission  but  tinally  took  to  lietl  in  his  ipiarters. 
Ileitdiiche  hcH-ame  excruciating  in  severit.v,  temperature  rose  to  102.2“  F.,  and  nausea  and 
cough  persisted.  Although  the  temperiiture  rose  to  103.8“  F.  the  night  of  the  sevcuith  ilay 
and  he  liecame  drow.sy,  there  was  suddenly  ti  fending  of  rt'lative  wi*ll  lieing  the  following 
day  with  sudden  resolution  of  fever  by  crisis  and  profuse  sweats.  11»>  wtis  afebrile  by  the 
9th  day,  and  was  out  of  bed  on  the  10th  day.  ami  btick  to  work  on  the  13th  day,  tilthough 
he  tired  easily  on  exertion.  The  IiIckmI  pressure  reimiined  normal  throughout  and  there 
was  no  rash.  The  lungs  were  cletir. 

The  leukocyte  count  on  the  seventh  day  was  o.OOt).  On  the  13th  day  complete  blood 
count  !it  an  outpiitient  clinic  showed  4,620,000  red  cells,  90  percent  hemoglobin,  and  6,600 
leukocytes  with  a  ditl'erential  of  64  i»ercent  segmented  neutrophils,  ami  36  percent  lympho¬ 
cytes.  On  the  12th  day,  urine  was  negative  except  for  a  ftiint  trac-e  of  albumin  with  a 
few  leukocytes  in  the  microscopic  examination.  These  tindings  had  disapiwaretl  by  the 
following  dsiy.  On  the  21st  dtiy,  electrocardiographic  tracing  was  normal  in  all  four 
leads.  The  heart  rate  was  84,  the  PR  interval  was  0.16  second,  sinus  rhythm  was  present, 
QUS  complexes  were  0.06  second,  T  waves  were  upright  in  till  lead.s,  tind  there  were  no 
ST  changes. 

The  serological  changes  are  given  in  detail  In  ttible  15.  Hriefly,  Weil-Felix  reaction 
became  positive  on  the  7th  day  with  a  titer  of  1 : 40  and  reachetl  as  high  as  1 : 80  by  the 
14th  day.  The  complement  fixation  with  epidemic  antigen  l>egan  to  rise  by  the  end  of 
the  first  week,  reached  its  peak  at  1:1,280  at  the  end  of  the  third  week,  and  was  still 
positive  by  the  ninth  month.  Rickettsial  agglutination  did  not  rise  until  the  second  week 
but  reached  its  peak  tit  that  time  with  a  titer  of  1:640  with  epidemic  antigen.  It  was 
still  positive  by  the  ninth  month. 

The  pertinent  serological  data  on  the  three  cases  just  mentioned  are 
given  in  table  15,  and  the  essential  clinical  features  of  these  and  two  other 
vaccinated  cases  are  summarized  in  table  16.  Of  particular  intere.st  is  the 
method  of  infection.  In  each  instance,  there  was  evidence  to  indicate  inhala¬ 
tion  or  conjunctival  absorption  of  infected  louse  feces. 


TYPHUS  FEVERS 


163 


Table  15. — Serological  Hndings  anti  iininunizalion  record  in  three  casex  of  epidemic  tgphns 
fever  incurred  subseguent  to  i minimization  with  typhus  fever  ciwcine 
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>  Cox-type  ether-extracted  epidemic  typhus  vaccine. 

>  Five  cubic  centimeters  of  this  vaccine  was  of  an  experimental  bivalent  type  containing  epidemic  and  murine  ricket- 
tsiae. 

Source:  Modified  from  Sadusk,  J.  F.,  Jr.:  Typhus  Fever  in  the  United  States  Army  Following  Immunization;  In¬ 
cidence,  Severity  of  the  Disease,  Modification  of  the  Clinical  Course,  and  Serologic  Diagnosis.  J.A.M.A.  133: 1192-1199, 
19  Apr.  1947. 
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Sadusk's  report  was  in  keeping  with  other  observations  that  the  clinical 
course  of  epidemic  typhus  is  greatly  modified  when  infection  occurs  subse¬ 
quently  to  vaccination  (chart  7).  Fever  is  much  lower  and  of  shorter  dura¬ 
tion  tlui’  in  non  vaccinated  cases,  the  extent  and  duration  of  rash  are  dimin¬ 
ished,  circulatory  iuul  neiwous  symptoms  are  lessened,  and  the  incidence  of 
complications  is  minimal.  If  hospitalization  is  necessary,  the  length  of  it  is 
reduced.  The  only  symptom  that  is  regularly  present  in  vaccinated  cases  is 
severe  headache. 

Chart  7. — Clinical  comi)ari80n  of  vacvitwtcd  and  unraccinated  </roup» 
of  typhus  fever  cases  among  employees  of  the  Cairo  Fever  Hospital, 

El  Abbasa,  Egypt 
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40 


30 


20 


■  0 


0 

Source  :  Ecke,  R.  S.,  Gilliam,  A.  G..  Snyder,  J.  C.,  Yeomans,  A.,  Zarafonetis, 

C.  J.  D.,  and  Murray,  E.  S. :  The  Effect  of  Cox-Type  Vaccine  on  Louse-Borne 
Typhus  Fever  in  Patients  Who  Had  Previously  Received  One  or  More  Injections 
of  Cox-Tyi)e  Vaccine.  Am.  J.  Trop.  Med.  25  :  447-462,  November  1945. 

Following  is  the  only  case  known  to  have  occurred  in  our  troops  in 
Sicily.2®  The  patient,  a  private  with  the  77th  Field  Artillery,  was  admitted 
to  the  59th  Evacuation  Hospital,  Palermo,  Sicily,  in  the  summer  of  1943. 
His  history  and  clinical  course  were  recorded  by  Lt.  Col.  (later  Col.)  Wil¬ 
liam  A.  Reilly,  MC,  Chief  of  Medical  Service,  as  follows: 

A  private  claimed  he  was  immunized  against  typhus  in  June  1941,  and  a  recall  dose 
was  given  in  June  1943.  No  record  was  obtainable.  He  left  Africa  on  13  July,  after  a 

25  (1)  Dr.  stanhope  Bayne-Jones  kindly  brought  this  case  report  to  the  attention  of  the  author 
and  made  the  records  available  for  inclusion  here.  (2)  Letter,  Lt.  Col.  William  A.  Reilly,  MC,  Chief 
of  Medical  Service,  59th  Evacuation  Hospital,  to  Commanding  Officer,  59th  Evacuation  Hospital,  North 
African  Theater  of  Operations,  D.S.  Army,  21  Sept.  1943,  subject :  Resume  of  Typhus  Patient’s  His¬ 
tory,  Photo,  and  Chart. 
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loiij;  slay,  ami  aiiivod  in  Sicily  on  14  July  1U43.  lie  does  not  know  of  having  been  bitten 
by  ticks,  lice,  or  fleas. 

He  was  taken  ill  on  23  August  with  headache,  injected  eyes,  and  fever.  Fever  di.s- 
ai)peared  by  lysis  oit  2  September  (chart  81.  On  the  third  day  of  disease,  2d  August, 
a  niaculopapular  rash  appeared  on  the  trunk,  thighs,  and  arms,  gradually  increasing  in 
atuount,  intensity  and  distribution  for  the  next  days  and  being  heaviest  on  the  liml)s 
(tig.  11).  In  spots  it  uas  {)etechial  and  liemorrhagic  ami  did  not  fade  on  pressure.  No 
tache  noir  or  regional  lymphadenitis  was  detected.  There  was  a  macular  rash  on  buccal 
mucosa.  The  pharynx  was  slightly  re<ldene<l.  lletween  the  fourth  atid  eighth  day.  the 
enlarged  spleen  was  palpable.  On  the  third  and  seventh  day,  he  had  5,100  and  7,500  Wilt’ 
normally  differentiated  and  urine  sptH  imens  were  negative  except  for  low  specific  gravity'. 
'I’ln*  boy  was  very  ill,  lost  weight  and  strength.  There  were  a  few  loose  bowel  movements 
between  the  seventh  amt  ninth  days.  .\  blood  ctdture  on  the  fifth  diiy  was  negative. 
Weil-Felix  tests  with  the  three  J’roti-iis  types  were  entirely  negative  on  the  ninth  day  in 
an  Italian  laboratory.  On  the  11th  day,  the  Proteus  OX-10  was  positive  1:40,  Proteus 
OX-2  was  positive  1:100,  and  Proteus  OX-K  was  negative.  A  third  Weil-Felix  test,  on 
the  18th  diiy  of  disease  (10  Seiitember)  showed  a  rising  titer:  OX-10  was  positive  1:640, 
OX-2  was  positive  1:1,280,  and  OX-K  was  negative.  A  guinea  pig  inoculated  on  the 
lltli  day,  when  temi)erature  was  normal  for  the  first  time,  did  not  devebui  scrotal  reac¬ 
tion.  After  fever  subsided,  the  patient  gradually  recovered  strength,  weight,  and  appt'tite. 
Xo  complications  or  sequelae  were  present  1  month  after  onset. 

Only  three  confirmed  cases  of  typhus  occurred  amono:  U.S.  troops  serv¬ 
ing;  in  the  European  theater,  despite  its  prevalence  amon"  the  civilian  popu¬ 
lations.-®  Two  infections  were  contracted  in  the  Ehineland  and  one  in  the 
Inner  Reich.  All  three  patients  had  mild  attacks  of  the  disease,  as  indi¬ 
cated  by  the  following  brief  case  summaries: 

Case  4. — A  captain  of  the  Medical  Corps  investigated  a  typhus  outbreak  at  Fischbach, 
Germany,  on  23  March  104.5.  He  was  intimately  exposed  to  the  disease  while  examining 
and  disinfecting  patients  hut  does  not  recall  ever  having  found  lice  on  his  person.  On 
9  April,  he  developed  a  macular  rash.  He  was  never  delirious,  stuporous,  or  disoriented. 
His  convalescence  was  rapid  and  uneventful.  A  Weil-Felix  test  on  17  April  was  positive 
In  a  serum  dilution  of  1:040.  The  patient  had  not  received  a  stimulating  dose  of  t.vphus 
vaccine  since  the  original  course  in  April  1944. 

Case  5. — A  lieutenant  colonel.  Medical  Corps,  accompanied  the  officer  noted  in  case  4 
(above)  and  both  became  ill  on  the  same  da.v.  This  patient’s  illness  was  even  less  severe, 
with  no  rash  at  any  time.  He  remained  on  quarters  status,  and  returned  to  duty  15  April. 
A  stimulating  dose  of  typhus  vaccine  had  been  administered  on  23  March  1945,  the  day- 
previous  to  his  exposure  to  the  disease.  The  stimulation  antedating  that  was  in  Septem¬ 
ber  1944. 

Case  6. — sergeant  of  the  15th  Infantry  became  ill  4  April  1945  complaining  of  pains 
In  the  legs,  headache,  and  fever  of  102®  F.  He  was  admitted  to  hospital  and  observeil 
for  several  days.  On  22  April  he  was  transferred  to  a  general  hospital  with  the  diagnosis 
still  undetermined.  The  patient  had  daily  chills  with  fever  up  to  104®  F.  for  11  days  and 
at  one  time  developed  a  .slight  rash  on  the  wrists,  ankles,  and  alKlomen.  A  Weil-Felix 
test  performed  5  May  was  positive  in  dilution  of  1 : 320.  Xo  likely  source  of  infection 
could  be  determined  and  there  was  clinical  difference  of  opinion  as  to  the  identity  of 
the  disease. 


2fi  See  footnote  15,  p.  155. 

27  Gordon,  John  E. :  A  History  of  Preventive  Medicine  in  tlie  Enrope.nn  Theater  of  Operations, 
t’..S.  .Vrm.v.  1941-45,  vol.  I,  pt.  Ill,  p.  48.  [Offlciel  record.] 
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Chart  S. — Temperatute  chart  and  iHitincHt  (nborntonj  /htditnjs  of  the  only  known  cane 
of  typhus  fever  occurring  among  Army  troops  in  Sicily,  19^3 
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Fioi’rk  11. — Appearance  of  macuiopapular  rash  on  trunk,  thighs,  and  arm.s  on  third  day 

of  tlisease. 
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The  Craigie  (British  Army)  vaccine. — The  cases  of  typhus  fever  acquired 
after  vaccination  that  luive  thus  far  been  described  occurred  in  soldiers  who 
had  received  vaccine  of  the  Cox  type  employed  in  all  U.S.  Armed  Forces, 
containing,  as  has  been  noted,  soluble  antigen  and  killed  rickettsial  micro¬ 
organisms  of  epidemic  typhus  (R.  proicazekl) .  British  troops,  on  the  other 
hand,  were  inoculated  with  the  Craigie  vaccine,  which  consisted  of  two  parts 
of  epidemic  (R.  prowaseki)  and  one  part  of  murine  typhus  (Rukettsia 
mooseri)  antigens.  Soluble  substances  as  well  as  killed  micro-organisms  were 
included  in  the  Craigie  vaccine.  In  Germany,  observing  the  typhus  epi¬ 
demic  at  Belsen,  Davis  also  had  an  opportunity  to  estimate  the  value  of 
this  vaccine  under  epidemic  conditions,  collecting  data  on  14  cases  of  typhus 
in  British  personnel  who  had  been  vaccinated  more  than  24  days  before  the 
onset  of  their  fever.  Their  clinical  courses  were  milder  and  shorter  than  is 
seen  in  typical  epidemic  typhus  in  nonvaccinated  persons,  with  no  deaths 
and  no  serious  complications.  He  noted  as  significant  “the  absence  of  serious 
complications  *  *  *.  Parotitis,  gangrene,  conjunctivitis,  deafness  due  to 
typhus,  epistaxis,  pulmonary  consolidation,  and  pleuritic  pains  were  never 
observed  in  the  British,  although  all  were  to  be  seen  in  the  typhus  patients 
from  the  concentration  camp.  Their  rash  was  never  extensive,  rarely  devel¬ 
oped  into  true  petechiae  which  would  not  blanche  on  pressure,  and  never 
formed  ecchymoses.  Delirium  was  observed  in  only  2  cases,  and  in  these  it 
was  brief.  Roentgenograms  of  the  chest  were  reported  as  normal  or  ‘marked 
increase  in  bronchovascular  markings  throughout  both  lungs.’  ”  Determina¬ 
tions  of  blood  nonprotein  nitrogen  were  made  on  10  patients  about  a  week 
after  the  onset  of  fever.  Values  ranged  from  21  to  42  mg.  percent  in  these 
cases. 

Davis  also  made  observations  on  16  cases  of  typhus  in  Hungarian  sol¬ 
diers  who  had  only  one  or  two  doses  of  Craigie  vaccine  after  exposure  to 
typhus  at  Belsen  and  41  cases  of  typhus  in  well-nourished  Germans  who  had 
no  vaccine.  From  a  comparison  of  the  three  groups  as  shown  in  table  17, 
and  other  data,  it  was  concluded  that  Craigie  vaccine  was  of  definite  value 
in  shortening  the  course  and  reducing  the  severity  of  epidemic  typhus  fever 
when  given  in  two  or  more  doses  from  24  to  100  days  before  the  onset  of 
the  disease. 

The  course  of  epidemic  typhus  fever  was  thus  shown  to  be  modified 
favorably  by  prior  vaccination  with  vaccine  of  either  the  Cox  or  the  Craigie 
type.  The  observations  regarding  the  effectiveness  of  these  two  vaccines, 
however,  were  not  made  under  controlled  or  even  similar  conditions,  and  it 
is  not  possible  to  draw  conclusions  as  to  their  relative  effectiveness  from 
these  data. 


28  Davis,  W.  A. :  Typhus  at  Belsen.  II.  Clinical  Course  of  Epidemic  Typhus  in  Persons  Who  Had 
Received  Craigie  Typhus  Vaccine.  Ann.  Int.  Med.  34  :  448-465,  February  1951. 
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Table  17. — Comparison  of  typhus  in  three  groups  at  Belsen  Concentration  Camp,  Belsen, 

Germany 


Number 

Nationality 

Vaccination  history 

i 

Age 

(years) 

.Average 

age 

(years) 

Duration 
of  fever 
(days) 

Average 
dura¬ 
tion  of 
fever 
(days) 

Deaths 

(num¬ 

ber) 

14 _ 

British _ 

Two  to  five  doses  Craigie 
vaccine,  all  given  more 

20-56 

31.  8 

6-13 

8.  7 

0 

than  24  days  before 
illness. 

16 . 

Hungarians _ 

One  to  two  doses  Craigie 
vaccine,  none  given 

18-38 

28.  8 

9-15 

13.  6 

0 

more  than  16  days 
before  illness. 

41 _ 

Germans _ 

No  vaccine _ 

20-52 

25.  9 

13-24 

14.9 

2 

Source:  Modified  from  Davis,  W.  A.;  Typhus  at  Belsen.  11.  Clinical  Course  of  Epidemic  Typhus  in  Persons  Who 
Had  Received  Craigie  Typhus  Vaccine.  Ann.  Int.  Med.  34:  44S-465,  February  1951. 


PATHOLOGY 

Two  important  studies  of  the  pathology  of  epidemic  typhus  fever  were 
undertaken  during  World  War  II.  The  first  of  these, by  Maj.  Arthur  C. 
Allen,  MC,  and  Dr.  Sophie  Spitz,  at  the  Army  Institute  of  Pathology  (now 
Armed  Forces  Institute  of  Pathology),  Washington,  D.C.,  entailed  a  com¬ 
parison  of  the  histological  preparations  and  protocols  of  78  cases  of  scrub 
typhus  (tsutsugamushi  disease),  24  cases  of  epidemic  (louseborne)  typhus, 
12  cases  of  Rocky  Mountain  spotted  fever,  and  lung  sections  of  2  cases  of 
American  Q  fever.  Since  the  principal  emphasis  of  this  study  was  placed 
on  the  changes  induced  by  scrub  typhus,  the  main  findings  of  the  authors 
are  given  in  the  chapter  dealing  with  that  infection  (p.  132).  However,  a 
number  of  other  observations  were  made  which  are  relevant  here.  The  his¬ 
tology  of  the  cutaneous  lesion  is  described,  as  follows: 

The  macule  of  epidemic  typhus  histologically  was  essentially  similar  to  that  of  scrub 
typhus,  although  several  differences  were  found.  In  the  first  place,  although  capillary 
thrombi  were  present  in  all  of  the  available  sections  of  macules  of  scrub  typhus  as  against 
only  15,  or  65  percent,  of  the  macules  in  epidemic  typhus,  the  thrombi  were  considerably 
more  conspicuous  in  the  latter  disease.  They  were  more  prominent  not  only  because 
more  thrombi  occurred  in  a  single  section,  but  because  they  were  larger  and  were  associ¬ 
ated  with  more  pronounced  endothelial  changes.  In  epidemic  typhus,  the  affected  endo¬ 
thelial  cells  tended  to  be  larger,  more  hyperchromatic,  and  more  often  disintegrated  into 
chromatin  dust,  the  last  being  a  feature  observed  also  in  the  capillaries  of  other  organs, 
including  the  glomerular  capillaries.  Secondly,  there  was  a  tendency  to  the  occurrence 
in  epidemic  typhus  of  a  necrotizing  arteritis  and  thrombo-arteritis,  not  found  in  scrub 
typhus.  The  necrosis  might  extend  through  the  entire  wall  of  the  artery,  unlike  the  lesser 
degree  of  involvement  that  is  stated  to  occur  in  the  experimental  animal  infected  with 


»  Allen,  A.  C..  and  Spitz,  S. :  A  Comparative  Study  of  the  Pathology  of  Scrub  Typhua  (Tsutsnga- 
miishi  Disease)  and  Other  Rickettsial  Diseases.  Am.  J.  Path.  21 :  603-681,  July  1945. 
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the  rlekettsiae  of  epidemic  typhus.  Indeed,  in  the  human  skin  of  cases  of  epidemic  typlius 
there  may  he  infarct  like  hemorrhuKic  suppurativt*  necrosis  of  the  portions  of  corium  in 
association  with  severe  arteritis.  'I'hirdly,  whereas  no  significant  chaiiKes  were  noted  in 
the  epidermis  of  the  macule  of  scrub  typhii.s,  minor  chanses  consisting  of  focal  spongiosis, 
patchy  parakeratosis  and  focal  “liquefaction  degeneration”  of  the  basal  layers  were  infre¬ 
quently  observetl  in  tlie  skin  of  patients  with  louse-borne  typhus. 

The  interstitial  myocarditis  and  interstitial  pneumonitis  of  epidemic 
typhus  were  intermediate  in  intensity  between  that  produced  by  scrub  typhus 
and  by  spotted  fever. 

Changes  in  the  adrenal  glands  of  patients  with  epidemic  typluis  were 
similar  to  those  of  scrub  typhus,  except  that  there  was  a  more  conspicuous 
focal  mononuclear  reaction.  In  addithm,  a  few  cases  of  epidemic  typhus  ex¬ 
hibited  inflammatoiy  and  degenerative  changes  of  capillaries  and  arterioles 
of  both  parenchymal  and  adventitial  tissues. 

Similarly,  lesions  in  the  kidneys  from  patients  with  epidemic  typhus 
qualitatively  resembled  those  of  scrub  typhus  but  were  considerably  more 
pronounced.  “Acute  diffuse  glomerulonephritis  was  found  in  18,  or  78  per¬ 
cent,  of  the  cases;  acute  focal  glomerulitis  in  3,  or  13  percent,  and  essen¬ 
tially  normal  glomeruli  in  2,  or  1)  percent.  The  glomerular  alterations  were 
basically  those  of  scrub  typhus,  differing  in  more  marked  swelling  and  hyper- 
chromasia  of  the  endothelial  cells,  more  frequent  occurrence  of  thrombosis 
of  the  glomerular  capillaries  and  fragmentation  of  the  endothelial  cells. 
Similarly,  focal  interetitial  infiltrations,  calcific  bodies,  hemoglobin  casts  of 
the  distal  convolutions,  and  phlebitis,  arteritis,  and  arteriolitis  were  more 
conspicuous  in  epidemic  typhus.” 

A  comparison  was  made  between  reactions  in  the  brain  and  meninges  in 
epidemic  and  scrub  typhus.  It  was  found  that — 

1.  Although  the  meningitis  of  scrub  typhus  is  slightl.v  more  frequent  and  extensive 
than  the  qualitatively  similar  reaction  in  epidemic  typhus,  the  involvement  of  the  sub¬ 
stance  of  the  brain  is  considerably  greater  in  the  latter  disease. 

2.  The  distribution  of  lesions  in  the  gray  and  white  matter  in  the  two  diseases  is  the 
same :  in  both  the  white  matter  is  spared,  in  contrast  with  Rocky  Mountain  spotted  fever. 

3.  In  the  current  series  the  case  incidence  of  involvement  of  the  cortex  in  epidemic 
typhus  is  much  greater  than  in  scrub  t.vphus.  The  actual  concentration  of  nodules  in 
the  pons,  medulia,  and  liasal  ganglia  in  epidemic  typhus  is  more  pronounced  than  in  the 
cortex.  The  pons  and  medulia  are  sites  of  predilection  also  in  scrub  typhus. 

Several  distinct  histologic  differences  between  scrub  typhus  and  epidemic  typhus  are 
noted : 

4.  The  nodules  tend  to  be  larger  in  epidemic  typhus,  averaging  Ho  to  75  cells  as 
against  15  to  40  cells,  and  about  120  to  180  ^  as  against  60  to  120  /t. 

5.  There  is  somewhat  greater  cellular  pleomorphism  in  the  nodules  of  epidemic  typhus, 
especially  in  the  larger.  Kar.vorrhexis  is  common  in  the  celis  of  the  nodule  of  epidemic 
typhus  and  rare  in  that  of  scrub  typhus. 

6.  In  epidemic  typhus,  the  capillaries  of  the  nodules  show  much  more  obvious  evi¬ 
dence  of  damage  in  the  form  of  marke<lly  enlarged  endothelial  cells,  kar.vorrhexis  of 
endothelial  cells,  and  thrombosis  of  capillaries.  Similar  changes  are  found  in  arterioles 
without  associatetl  nodules. 
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Tlie  charsicter  of  the  tissue  reaction  in  these  cases,  such  as  Hbrinoid  de¬ 
generation  of  collagen,  necrosis  of  lymph  nodes  and  spleen,  the  predomi¬ 
nance  of  plasma  cells  and  basophilic  macrophages,  and  the  acute  glomerulo¬ 
nephritis,  led  these  observers  to  postulate  that  rickettsiae  may  exert  hyperergic 
effects  in  addition  to  the  better  known  diffuse  vascular  phenomena  caused  by 
them. 

The  second  imiHjrtant  investigation  of  the  pathologj*  of  epidemic  typhus 
was  initiatetl  by  the  collection  of  material  from  23  fatal  cases  studied  by  the 
I’.S.A,  Typhus  Commission  in  Cairo,  Egypt,  during  1943-45,  which  was  re¬ 
viewed  by  Spitz  and  Allen.  This,  along  with  material  from  additional  cases, 
was  subsequently  studied  by  membei-s  of  the  Committee  on  Pathology,  Divi¬ 
sion  of  Medical  Sciences,  National  Research  Council,  in  collaboration  with 
the  Armed  Forces  InstitvUe  of  l*athology.  The  splendid  report^®  of  this 
group  was  not  issized  until  1953  but  Izecause  of  its  broad  scope  and  perti¬ 
nence  to  other  work  discussed  in  this  chapter,  the  summary  statement  of  this 
study  is  quoted,  as  follows: 

This  i)jii>er  (lescril»es  tiu*  lesions  eneonnter<Hl  in  an  epidemic  of  typhus  which  occurre<l 
in  ('airo  during  Tlie  tindiiiKS  have  Ihhmi  compared  to  those  observezl  by  Wol- 

bach,  Todd,  and  I’alfrey  in  the  Warsaw  epidemic  of  l'.)18  and  l)y  others  since  that  time 
in  order  to  luMiiK  tojrether  in  one  report  all  the  known  facts  about  the  pathology  of  epi¬ 
demic  typhus. 

The  patients  studied  in  the  ('airo  epidemic  were  Egyptians  Izetween  the  ages  of  10 
and  70  years.  Some  of  them  were  \mderuo«rished.  but  there  was  no  clinical  or  patluv 
logical  evidence  of  avitaminosis,  and  some  had  clinically  inactive  schistosomiasis.  The 
patients  were  admitted  to  the  hospital  during  the  first  2  weeks  of  their  di.sease.  and  the 
clinical  diagnosis  of  louse-bortie  typhus  was  confirmed  in  many  cases  by  the  Weil-Felix 
and  complement  fixation  tests.  In  some  instsinces  rickettsiae  were  recovered  from  blmtd 
or  from  normal  lice  fed  on  the  patients,  and  each  strain  isolate*!  showed  the  characteris¬ 
tics  of  iouse-borne  typhus.  Two  patients  were  given  piira-aminolienzoic  acid,  without 
clinical  or  pathological  effects.  The  other  patients  rec'eived  no  sjiecific  antityphus  treat¬ 
ment.  and  none  had  been  vaccinated  against  typhus.  In  14  iMttients  s|»e<’ial  efforts  were 
made  to  reduce  secondary  bacterial  infection  by  using  sulfonamides  and  iienicillin  when 
necessary.  This  paper  and  the  reports  of  the  Fnited  States  of  .-Vmericti  Typhus  ('ommi.s- 
sion  on  the  clinical  and  laboratory  features  con.stitute  one  of  the  few  comprehensive 
accotmts  of  an  epidemic  of  typhus  in  Egypt  or,  imiee*!.  in  any  tropical  country.  It  seems 
likely,  in  view  of  the  discovery  tif  antibiotics  that  may  l»e  effective  in  the  treatment  of 
the  disease  and  of  the  development  of  satisfactor.v  vaccines,  that  there  may  never  agtiin 
be  a  similar  opportunity  to  study  an  epidemic  of  typhus  which  has  not  been  significantly 
modified  either  by  treatment  or  by  complicating  infection. 

The  lesions  discovered  in  the  Cairo  patients  were  essentially  the  same  as  those 
described  in  other  epidemics  in  different  parts  of  the  world  and  in  experimental  animals. 
The  wide  dissemination  of  vascular  and  other  lesions  in  the  skeletal  muscles,  which  was 
well  illustratetl  by  the  frequent  involvement  of  the  muscles  of  the  tongue,  was  more 
apparent  in  Cairo  ca.«es  than  in  others,  probably  becau.se  abundant  material  was  available 
for  microscopic  examination.  Evidence  was  obtained  by  the  demonstration  of  rickettsiu- 

•■w*  I’ntholog.v  of  Epifl)‘mlc  T.vphiis  :  Report  of  Fatal  CniM«s  8tii(li«Hl  by  the  United  States  of  America 
TyplniH  Cominissioii  in  Cairo.  Egypt,  During  ia4.'{-194.'i.  I'repnred  by  the  Committee  on  Pathoiogy, 
Division  of  Medical  Sciences.  National  Research  Council  With  Collaboration  of  the  Armed  Forces 
Institute  of  Patholog.v.  .\rch.  Path.  3*!:  397-4.‘{5,  October;  512-333.  November  1953. 
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like  bodies  in  sei'tion.s  of  sngs,  which  suggests,  luit  does  not  itrove,  tlnit  a  true 

rickettsial  jmeuinonia  nuiv  Interstitial  orchitis  iind  iirostatitis  of  a  ijjk*  not  ordi¬ 
narily  sw'n  in  other  infec:  'c;is»‘s  was  also  obst'rvtHl. 

New  information  has  li**en  obtained  concerning  the  topography  of  lesions  in  the  cen¬ 
tral  nervous  system  and  the  elTect  of  the  duration  «>f  the  illness  on  the  intensify  of  the 
reaction.  So-calleil  microinfarcts  have  iK'en  demonstratetl  for  the  first  time  in  the  brains 
of  patients  who  die«l  from  epidemic  typhus. 

(•lomerulonephritis  did  not  «K“cur  in  the  Cairo  patients,  and  a  review  of  published 
articles  has  UhI  to  the  conclusion  that  its  «H‘CHrrence  has  not  la>en  proved.  The  bulk  of 
the  evi«leiuv  supiKirts  the  idea  that  renal  failure  in  epidemic  typhus  is  probably  due  to 
extrarenal  factors,  such  as  increased  protein  catabolism,  dehydration,  and  reduction  of 
arterial  blood  pressure,  rather  than  to  primary  renal  damage  brought  about  by  direct 
action  of  the  rickettsiae.  We  have  not  been  able  to  convince  ourselves  that  lower  nephron 
nephrosis  occurs. 

The  pathological  observations  that  have  been  briefly  described  here  are 
well  illustrated  in  the  Committee's  report;  selected  prints  are  reproduced  as 
figures  12  through  32,  through  the  courtesy  of  the  Archives  of  Pathology. 


TYl'Iirs  FHVKIiS 


Ficlkk  12. —  (Top)  Capillary  in  derma  .■iliowins  swelling  and  proliferation  of  endo¬ 
thelium  to  point  of  occlusion.  Slisht  perivascular  accunmlation  of  mononuclear  cells. 
(X  430) 

Figukk  13. —  (Ilottmii)  Finely  granular  capillary  thrombus,  with  pericapillary  collec¬ 
tion  i>f  moiionucb'ar  cells  in  ilerma.  (  X  312) 
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DEVELOPMENT  AND  USE  OF  LABORA  D  )RY  AIDS  IN  DIAGNOSIS 

Along  with  the  advances  in  louse-control  measures  and  immunization, 
and  extennion  of  fundamental  knowledge  of  the  clinical  and  pathological 
aspects  of  the  disease,  progress  was  also  made  during  World  War  II  in  the 
development  of  diagnostic  laboratory  prwedures  for  epidemic  typhus  fever. 
The  most  active  work  in  this  connection  was  j)erforme<l  at  the  Division  of 
Virus  and  Rickettsial  Disesises,  Medical  Department  Professional  Service 
Schools,  Army  Medical  (’enter,  IVashington,  at  the  Cairo  Unit  of  the 

U.S.A.  Typhus  Commission,  and  at  the  National  Institutes  of  Health  in 
Bethesda,  Md. 

Weil-Felix  test. — In  191(5,  Felix  demonstnited  that  sera  from  patients 
with  epidemic  typhus  fever  would  agglutinate  susi)ensions  of  Proteus  micro¬ 
organisms.  Although  it  was  soon  recognized  that  these  l)a(*teria  were  not 
etiologically  related  to  typhus  fever,  the  agglutination  of  Proteus  organisms 
was  quickly  developed  into  a  diagnostic  test  for  typhus.  Further  study  re¬ 
vealed  that  Proteus  vulgaris  organisms  could  he  dissociated  into  a  motile 
flagellated  “H”  type  and  a  noninotile  unflagellated  “O"  type.  The  diagnostic 
agglutinin  that  appears  in  the  blood  of  typhus  fever  patients  is  the  somatic 
“O"  tyjie.  Additional  experience  prior  to  World  War  II  indicated  that  sus¬ 
pensions  of  the  Proteus  OX-19  strain  were  agglutinated  by  sera  from  typhus 
fever  ca.ses;  that  OX-19  and  another  strain,  Proteus  OX-2,  were  often  agglu¬ 
tinated  by  Rocky  Mountain  spotted  fever  sera;  and  that  suspensions  of  still 
another  variant,  Proteus  OX-K,  were  agglutinated  by  scrub  typhus  sera  (p. 
1351).  There  remained,  however,  conflicting  statements  as  to  the  time  of  ap¬ 
pearance  of  the  agglutinins  during  the  course  of  illness,  and  concerning  what 
con.stituted  a  sigiiificant  or  diagnostic  titer.  Accordingly,  early  in  1943, 
Plotz  sought  to  determine  the  rise  and  fall  of  the  various  types  of  demon¬ 
strable  antibodies  in  cases  of  epidemic  typhus  fever.  Serial  serum  specimens 
were  obtained  from  32  untreated  and  unvaccinated  typhus  fever  cases  studied 
by  members  of  the  Typhus  Commission  in  Cairo.  Blood  specimens  were 
obtained  early  in  the  disease,  during  the  course  of  illness,  and  as  long  after 
convalescence  as  possible.  It  was  thus  possible  to  establish  patterns  of  anti¬ 
body  dynamics  in  cases  confirmed,  in  21  instances,  as  epidemic  typhus  by 
isolation  of  the  strain.  The  results  of  the  various  serological  tests  performed 
on  these  sera  were  summarized  in  an  important  series  of  papers  from  the 
Army  Medical  School.®^ 

31  Felix,  A  .:  Die  Serodlagnostlk  ties  Fleckfiebers.  Wien.  kiln.  Wchiischr.  29:  873-877,  13  July 
1916. 

33  (1)  Plotz,  H.,  Wertman,  K„  and  Bennett,  B.  I,.:  The  Serological  Pattern  in  Epidemic  T.vphus 
Fever.  I.  The  Development  of  Complement  Fixing  .\ntibodie8.  Division  of  Virus  and  Rickettsial  Dis¬ 
eases,  Army  Medical  School,  Army  Medical  Center,  Washington,  D,C.,  1944.  [Official  record.]  (2)  Plotz, 
H.,  Wertman,  K.,  and  Bennett,  B.  h. :  The  Serological  Pattern  in  Epidemic  Typhus  Fever.  II.  The 
Weil-Felix  Reaction.  Division  of  Virus  and  Rickettsial  Diseases,  Army  Medical  School.  Army  Medical 
Center,  Washington,  D.C.,  1944.  [Official  record.]  (3)  Plotz,  H.,  and  Bennett,  B.  L. :  The  Serological 
Pattern  in  Epidemic  Typhus  Fever.  III.  The  Neutralizing  Antibody.  Division  of  Virus  and  Rickettsial 
Diseases,  Army  Medical  School,  .\rmy  Medical  Center,  Washington,  D.C.,  1944.  [Official  record.] 
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In  these  cases,  there  was  usually  a  high  Protem  OX-19  agglutination 
titer,  a  low  OX-2,  and  a  negative  OX-K  reaction.  A  rise  in  titer  was  found 
in  all  cases  when  early  and  late  specimens  were  compared.  A  test  was  re¬ 
garded  as  having  diagnostic  significance  when  the  titer  rose  fourfold,  occur¬ 
ring,  in  this  group  of  cases,  by  the  5th  to  the  13th  day  of  disease.  Tests  on 
followup  sera  showed  that  the  titer  had  fallen  to  insignificant  levels  within 
about  3  months  after  the  onset  of  illness.  Table  18  shows  the  characteristic 
pattern  as  observed  in  one  of  these  patients. 


Table  18. —  Weil-Felix  Proteus  agglutination  tests  in  epidemic  typhus  (case  strain 

isolated 


I^ay  of  disease  j 

Serum  titer  with  Proteut— 

ox-19 

ox-2  ' 

OX-K 

! 

4th  .  _  _  - _  _ _ 

0 

0 

0 

5th  _ _ _  _ _ 

0 

0 

0 

6th  . . . 

0 

0 

0 

8th  . . . - . . . . 

1:20 

0 

0 

10th  . 

1:320 

1:20 

0 

12th . - . . 

1:1,280 

1:40 

0 

14th . . 

1:640 

1:40 

0 

19th . . 

1:640 

1:160 

0 

20th  . . 

1:640 

1:80 

0 

23d . 

1:640 

1:80 

'  0 

25th . - . - . 

1:320 

1:80 

0 

27th . . . - . . . 

1:160 

1:40 

0 

115th . . . 

1:20 

1:20 

0 

286th . . 

1:20 

1:10 

0 

713th . . 

1:40 

0 

0 

Source;  Wertnian,  Kenneth:  The  Well-Feli'f  Reaction.  In  Rickettsial  Diseases  of  Man.  Washington;  American 
Association  for  the  AdvancemeL  i  Science.  1948,  pp.  184-189. 


Using  the  identical  macroscopic  agglutination  technique  as  employed  in 
the  Division  of  Virus  and  Rickettsial  Diseases,  Zarafonetis^  performed 
Weil-Felix  tests  on  1,002  sera  from  203  cases  of  epidemic  typhus  fever.  Two 
or  more  serum  samples  were  tested  from  each  of  the  patients  who  had  been 
studied  clinically  in  Egypt,  Greece,  Yugoslavia,  and  the  Dachau  Concen¬ 
tration  Camp  in  Germany.  All  of  these  patients  had  survived  their  disease, 
and  sufficient  time  had  elapsed  for  the  development  of  antibodies  if  they 
were  to  appear  in  amounts  detectable  b}'  these  tests.  A  summary  of  the 

(4)  Plotz,  H..  and  Snyder,  J.  M. :  The  Serological  Pattern  in  Epidemic  Typhus  Fever.  TV.  Rickettsial 
Agglutination.  Division  of  Virus  and  Rickettsial  Diseases,  Army  Medical  School,  Army  Medical  Cen¬ 
ter,  Washington,  D.C.,  1944.  [Official  record.] 

33  Zarafonctis,  C.  .T.  D. :  The  Serological  Reactions  in  the  Rickettsial  Diseases  of  Man.  In  Rickett¬ 
sial  Diseases  of  Man.  Washington  :  American  Association  for  the  Advancement  of  Science,  1948, 
pp.  179-183. 
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Protem  OX-19  agglutination  results  is  given  in  table  19.  An  agglutination 
titer  of  1:160  or  inoi-e  developed  in  191  (or  94  percent)  of  these  subjects. 
Sera  in  five  cases  were  entirely  negative,  sera  in  four  others  gave  complete 
agglutination  only  to  a  dilution  of  1:40,  and  in  three  more,  to  1:80.  Of 
interest  was  the  finding  that  the  complement  fixation  tes<^s  yielded  diagnostic 
titer  changes  in  all  of  these  patients.  Thus  were  the  Weil-Felix  and  com¬ 
plement  fixation  reactions  found  to  be  dissociated  phenomena.  A  similar 
dissociation  was  also  demonstrated  for  the  Weil-Felix  and  rickettsial  agglu¬ 
tination  responses.  (See  p.  185.)  This  significant  observation  is  illustrated 
in  table  20. 


Table  19. —  Weil-Felix  Proteus  OX-19  agglutination  results  on  1,002  sera  from  203  patients 

with  typhus  fever 


Ma.\imum  titer  > 

1  Cases 

i 

1  Cases 

1  cumulative 

Perwnt 

1 

Percent 

cumuiative 

Negative . . . . . 

5 

203 

1 

2.  5 

100.  0 

1:40 . 

4 

198 

2.  0 

97.  6 

1:80 . . . . . 

3 

194 

1.  5 

95.  5 

1:160 . . . 

9 

191 

4.  4 

94.  0 

1:320. . - . . . 

13 

182 

6.  4 

89.  6 

1 : 640 . 

21 

169 

10.  3 

83.  2 

1:1,280 . 

24 

148 

11.  8 

72.  9 

1:2,560 . . 

30 

124 

14.  8 

61.  1 

1 ;  5, 1 20  and  over . . . . 

94 

94 

46.  3 

46.  3 

Total . . - . . 

203 

1 

'  100.0 

1 

1 

1 

I  Complete  agglutination  in  dilution  given. 

Soniee:  Zarafonetis,  C.  J.  D.:  The  Serological  Reactions  in  the  Rickettsial  Diseases  of  Man.  In  Rickettsial  Diseases 
of  Man.  Washington:  American  Association  for  the  Advancement  of  Science.  1948.  pp.  179-183. 


Wertman®*  summarized  the  wartime  experience  with  the  Weil-Felix 
reaction  and  constructed  the  following  table  to  indicate  the  usual  findings 
in  the  various  rickettsial  diseases  of  man  (table  21).  He  pointed  out  that, 
despite  the  introduction  of  specific  diagnostic  reagents,  the  Weil-Felix  reac¬ 
tion  remained  a  valuable  laboratoiy  aid,  as  follow’s: 

*  •  *  The  value  of  the  Proteus  agglutination  test  is  that  these  antibodies  appear 
somewhat  earlier  than  the  specific  ones.  The  antigen  is  easy  to  prepare  and  the  technic 
can  be  performed  in  any  diagnostic  laboratory.  It  should  be  emphasized,  however,  that 
a  significant  test  is  one  in  which  a  ri.se  in  antibody  titer  can  be  demonstrated  and  no 
single  titer  should  be  regarded  as  significant.  Since  one  rickettsial  disease  cannot  be 
differentiated  from  another  by  means  of  this  test,  it  must  be  regarded  as  only  a  diagnos¬ 
tic  aid.  The  demonstration  of  the  presence  of  specific  antibodies,  either  complement  fix¬ 
ing  or  rickettsial  agglutinating,  is  necessary  to  establish  a  final  serologic  diagnosis. 


34  Wertman,  Kenneth  :  The  Well-Fellx  Reaction.  In  Rickettsial  Diseases  of  Man.  Washington : 
American  Association  for  the  Advancement  of  Science,  1948,  pp.  184-189. 
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Tabi.k  ‘M.  -Svroltxjical  flndimin  hi  Ihnv  liifihHH  caum  irith  Hri/atirc  Wcil-Fclix  0\-t9 

uf/fflutination  re»ult>i 


, 

.Serological  flndings 

'  1  lay  of 

di¥*‘a.'i«' 

W  eil  Felix 

Complemeiit  fixation 

Rickett.sial  ogglutiiMtion 

0-\-19 

Epidemic 

'  -Murine 

Epidemic 

Murine 

•S 

Negative- 

1:040 

1:40. 

1 

040 

1 

3-20 

15 

1:20 _ 

1 ;  2,500  ' 

1:320 

1 

10,240 

1 

.5,1-20 

22 

Nt'gatixe 

1 :  l.2S0_ 

1:100 

1 

.5,1-20 

1 

2,500 

30 

do 

1:1,2S0- 

.  1:.S0... 

1 

2, .5(50  .  . 

1 

1  ,-2S0 

00 

_ do _ 

1:100  -- 

1:10. 

1 

100 . 

1 

40 

2(MS- 

5 

_ do _ 

1:2.50  , 

Negative 

1 

I  .-iso 

1 

3-20 

10 

_ do _ 

1: 1,024  - 

l:.s  . 

5,1-20 . 

1 

1,-2S0 

15 

do  . 

1:512 

Negative 

1 

2,500 _ 

1 

040 

112 

. .  -  do  _  -  - 

1:32- _ 

-  do _ 

1 

SO.  . 

1 

SO 

3696 _ 

12 

_ do _ 

1:04  - 

_do _ 

1 

3-20 

1 

100 

17 

_ do _ 

1:1,024.. 

_ _ do _ 

1 

1,‘2S0 _ 

040 _  . 

1 

040 

34 

^  -do _ 

1:1,024  ' 

; - do - 

» 

1 

040 

43 

.  -do _ 

1:1,024... 

. ' _ do _ 

1 

040 _ 

1 

3-20 

47 

_ do..-- 

1:512 _ 

-  _ do . 

1 

040 . 

1 

100 

77 

_ do _ 

1:512 _ 

. do _ 

Negative _ 

Negative 

117 

_ do _ 

1; 12S _ 

.  _ do _ _ 

- 

--do. 

Do. 

‘  End  [wint  titer  was  not  reached. 

Source:  Zarafonetis,  C.  J.  1).:  The  Serological  Reactions  in  the  Rickettsial  Diseasei.  of  Man.  In  Rickettsial  Diseases 
of  Man.  Washington:  .American  -Association  for  the  -Advancement  of  Science.  1948.  pp.  179-183. 


Table  21. —  The  usual  Weil-Felix  reactions  in  rickettsial  diseases 


Diseases  | 

j  Proteus 

OX-19 

ox-2 

1  OX-K 

Epidemic  tvphus.  —  _ _ _  .  . . 

Murine  tvphus  .  ....  . . 

-i-  +  +  + 

1  +  -f  -1-  + 

I  0 
:  0 

■  !+  +  +  + 

:  i 

4- 

0^ 

0 

+ 

-f-  -1-  +  + 

0 

I  0 

i  +  +  4-  -1- 

i  0 

0 

’  0 

Scrub  t  vphus _  _ 

Q  fever _  .  _  _  . .  _ 

Rockv  Mountain  spotted  fever _  _  .  .  . 

Souriv:  Wertman,  Kenneth:  The  Weil-Felix  Reaction.  In  Rickettsial  Diseases  of  Man.  Washington:  American 
Association  for  the  Advancement  of  Science.  1948,  pp.  184-189. 


AVertnian  further  describes  the  limitations  of  the  Weil-Felix  reaction: 

In  the  first  instance,  it  is  impossible  to  differentiate  epidemic  typhu.s,  murine  typhus, 
and  Rocky  Mountain  spotted  fever  by  this  technic.  •  *  *  Secondly,  positive  reactions 
have  been  reported  with  sera  from  cases  other  than  those  of  rickettsial  origin.  •  •  • 
Ijistly,  the  I'rotcus  agglutinins  in  rickett.sial  infections  disappear  in  late  convalescence: 
therefore,  the  test  cannot  be  employeil  as  a  survey  tool  to  determine  the  qualitative  or 
quantitative  degree  of  past  infe<*tion  in  a  given  area. 
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The  next  step  was  to  deterniine  what  serological  changes  were  imluced 
by  vaccination  as  carried  out  in  U.S.  troops  with  vaccine  of  the  Cox  type. 
In  a  series  of  seroloj;ical  studies  at  the  Cairo  laboratory  of  the  Typhus  (Com¬ 
mission,®®  it  was  demonstrated,  first,  that  a  1.0  ml.  stimulating  dose  of  typhus 
vaccine  in  100  multivaccinated  individuals  resulted  in  no  significant  change 
in  Weil-Felix  agglutination  titers  in  tests  with  susj)ensions  of  Protem  OX-19, 
OX-2,  and  OX-K  on  sera  taken  before  and  2  weeks  after  the  injection.  Sec¬ 
ondly,  no  anamnestic  reactions  were  detected  when  these  tests  were  performed 
on  sera  from  104  febrile  patients  who  had  previously  been  vaccinated. 
Finally,  serological  tests  wei-e  perfornied  on  serial  serum  specimens  from  29 
cases  of  suspected  epidemic  typhus  developing  subsequently  to  vaccination. 
Here,  it  was  found  that  the  titer  changes  in  Proteus  OX-19  agglutination 
tests  were  greater  than  those  in  the  first  an<l  second  groups  and  were,  fur¬ 
thermore,  of  sufficient  magnitude  to  have  diagnostic  significance.  Examples 
of  results  in  typhus  cases  occurring  after  vaccination  are  given  in  table  15. 

Complement  fixation  tests  with  rickettsial  antigens. — Numerous  inves¬ 
tigators  were  aware  of  the  limitations  of  the  Weil-Felix  tests  and  strove  to 
develop  specific  rickettsial  antigens  for  use  in  complement  fixation  and  agglu¬ 
tination  tests.  The  preparation  of  pure  suspensions  of  rickettsiae  in  suffi¬ 
cient  quantity  was  an  obstacle  until,  in  1938,  Cox  introduced  the  yolk-sac 
culture  method.  TTsing  this  method  of  rickettsial  cultivation,  Bengtson 
prepared  antigens  and  successfully  performed  complement  fixation  tests  upon 
sera  from  murine  typhus  cases.  In  1.942,  Craigie®’  demonstrated  that  I'ick- 
ettsiae  could  be  separated  from  yolk-sac  suspensions  by  ether  extraction, 
thereby  eliminating  most  of  the  embryonic  egg  materials.  This  made  avail¬ 
able  essentially  pure  suspensions  of  rickettsiae  for  use  as  antigens  in  serolog¬ 
ical  tests  and  vaccines.  Indeed,  Wertman  later  showed  that  this  method 
actually  increased  the  specificity  of  the  rickettsial  suspensions  by  removing 
about  half  of  the  syphilitic  antigens  normally  present  in  tissues  of  the  em¬ 
bryonic  chick.  Plotz  and  his  associates®*  soon  noted  that  sera  from  both 
epidemic  and  murine  typhus  patients  gave  complement  fixation  titers  with 
both  epidemic  and  murine  antigens.  These  investigators  found  that  by  re¬ 
peated  washing  and  centrifugation  of  the  rickettsial  suspensions  a  “soluble 
substance”  present  in  the  supernatant  fluid  could  be  removed.  This  process 

35  (1)  ZarafonptiM,  C.  J.  D. :  SeroloRic  Studies  in  Typhus-Vaccinated  Individuals.  I.  The  Effect 
of  a  Stimulatinf;  Dose  of  Typhus  Vaccine  on  the  Weil-Felix  and  Complement-Fixing  Antibodies. 
.1.  Immunol.  51:  36.5-.174.  November  1945.  (2)  Zarafonetls,  C.  J.  D. :  Serologic  Studies  in  Typhus- 

Vaccinated  Individuals.  II.  The  Effect  of  Non-Typhus  Fevers  on  the  Weil-Felix  and  Complement- 
Fixing  Antibodies.  J.  Immunol.  51:  375-388.  December  1945.  (3)  Zarafonetls,  C.  J.  D..  Ecke,  R.  S., 

Yeomans,  A.,  Murray,  E.  S.,  and  Snyder,  .1.  C. :  Serologic  Studies  in  Typhus-Vaccinated  Individuals. 
III.  Weil-Felix  and  Complement-Fixation  Findings  in  Epidemic  Typhus  Fever  Occurring  in  the  Vacci¬ 
nated.  J.  Immunol.  53 :  15-30,  May  1946. 

•16  Bengtson,  I.  A. :  Complement  Fixation  in  Endemic  Typhus  Fever.  I’ub.  Health  Rep.  56  :  649- 
653,  28  Mar.  1941. 

37  See  footnote  19,  p.  156. 

33  Wertman,  K.  :  Nonspecific  Complement-Fixing  Antigen  in  Embryonic  Egg  Tissues.  ,1.  Lab.  & 
Clin.  Med.  30:  112,  February  1945. 

39  See  footnotes  32  (1),  p.  179  ;  and  20  (1),  p.  156. 
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also  served  to  eliminate  the  remainder  of  the  syphilitic  antigen.  The  resus¬ 
pended  rickettsial  suspensions  were  then  shown  to  be  essentially  .specific  for 
homologous  sera.  Thus  was  made  possible  the  serological  differentiation  be¬ 
tween  epidemic  and  endemic  typhus,  with  obvious  epidemiological  as  well  as 
clinical  significance. 

This  specific  complement  fixation  test  was  used  in  several  laboratories, 
but  comprehensive  data  for  nonvaccinated  cases  were  recorded  primai*ily  at 
the  Army  Medical  School  and  by  the  Cairo  Unit  of  the  Typhus  Commission. 
At  the  Army  Medical  School,  Plotz  and  his  coworkers  performed  systematic 
complement  fixation  tests  on  the  sera  from  the  Cairo  series  of  32  unvacci¬ 
nated  patients  with  typhus  fev'er  (p.  179).  All  of  these  patients  showed  a 
rise  in  titer  in  tests  with  epidemic  antigen;  56  percent  gave  positive  comple¬ 
ment  fixation  by  the  10th  day,  78  percent  by  the  12th  day,  and  100  percent 
by  the  16th  day  of  illness.  Most  of  them  gave  fixation  with  epidemic  anti¬ 
gen  and  no  fixation  with  murine  antigen  (table  22).  MHiere  cross-fixation 
did  occur,  the  titer  with  homologous  (epidemic)  antigen  was  always  higher 
than  with  murine  antigen.  All  cases  showed  persistence  of  complement  fix¬ 
ing  antibodies,  even  when  specimens  taken  many  months  after  onset  of  the 
disease  were  examined. 


Tablk  22. — Complement  fixation  test  restilts  in  case  1344,  epidemic  typhus — strain  isolated 


Day  <jt  disease 


4th.- 

5th-.. 

6th-- 

8th.. 

10th- 

12th- 

14th- 

19th- 

20th_ 

23d-- 

25th- 

27th- 

115th 

286th 


Serum  titer  with— 


Epidemic  antigen 

Murine  antigen 

0 

0 

0 

0 

0 

0 

0 

0 

1:20 

0 

1 : 1,280 

0 

1:1,280 

0 

1:640 

0 

1:640 

0 

1:640 

0 

1:640 

0 

1:640  ! 

0 

1:80  ' 

0 

1:40  1 

0 

Source;  Plotz,  U.,  Wertman,  K.,  and  Bennett,  B.  L.:  The  Serologiral  Pattern  in  Epidemic  Typhus  Fever.  I.  The 
Development  of  Complement  Fixing  Antibodies.  Division  of  Virus  and  Rickettsial  Diseases,  Army  Medical  School, 
Army  Medical  Center,  Washington,  D.C.,  1944.  [Official  reconl.] 

Employing  the  same  technique  and  antigens  prepared  by  the  Division  of 
Virus  and  Rickettsial  Diseases,  Zarafonetis  performed  complement  fixa¬ 
tion  te.sts  on  1,002  sera  from  203  cases  of  typhus  fever,  with  results  sum- 


40  See  footnote  33,  p.  180. 
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marized  in  table  23.  Almost  all  of  the  cases  were  epidemic  typhus  fever, 
confirmed  in  many  instances  by  isolation  of  the  strain.  In  only  two  patients 
did  the  complement  fixation  titer  with  murine  antigen  equal  or  exceed  that 
obtained  with  epidemic  antigen.  Sera  from  two  of  the  cases  failed  to  develop 
titers  in  complement  fixation  tests  with  either  epidemic  or  murine  typhus 
antigens,  while  both  showed  good  responses  in  Weil-Felix  OX-19  and  rick¬ 
ettsial  agglutination  tests.  From  the  serological  findings  in  these  two  cases 
(table  24),  it  appears  that  the  rickettsial  agglutination  response  is  dissoci¬ 
ated  from  the  antibody  that  gives  rise  to  complement  fixation.  From  this 
and  from  similar  observations  with  the  Weil-Felix  test  (p.  181),  it  is  seen 
that  all  three  of  the  serological  reactions  <K-<‘ur  indejXMidently  of  one  anoflher, 
and  one  test  may  l)e  negative  while  the  other  two  give  a  positive  finding  for 
typhus  fever. 

Table  23. — Complement  fixation  results  on  1 ,002  sera  from  203  patients  with  typhus  fever 


Purified  epidemic  antUcen  j  Purified  murine  antigen 


Mu.ximum  titer 

Cases 

Cases 

cumu¬ 

lative 

Percent 

Percent 

cumu¬ 

lative 

Cases 

Cases 

cumu¬ 

lative 

Percent 

Percent 

cumu¬ 

lative 

Negative . . . . 

Sum- 

6ef 

3 

Num¬ 

ber 

203 

1.5 

100.0 

Num¬ 

ber 

124 

Num¬ 

ber 

203 

61.  1 

100.0 

l:8or  1:10 _ _ 

0 

200 

0 

98.  5 

11 

79 

5.4 

38.  9 

1:16  or  1:20 _ 

2 

200 

1.0 

98.  5 

16 

68 

7.9 

33.  5 

1:40 . . 

3 

198 

1.5 

97.5 

21 

52 

10.  3 

25.  6 

1:64  or  1:80.- . . . 

18 

195 

8.  9 

96.0 

12 

31 

5.  9 

15.3 

1:128  or  1:160 _ _ 

28 

177 

13.  8 

87.  1 

4 

19 

2.0 

9.4 

1:256  or  1:320 _ _ 

37 

149 

18.2 

73.3 

8 

15 

3.  9 

7.4 

1:512  or  1:640 _ _ 

46 

112 

22.6 

55.  1 

5 

7 

2.  5 

3.  5 

1 : 1,024  or  over . 

66 

66 

32.  5 

32.  5 

2 

2 

1.0 

1.0 

Total _ 

203 

100.0 

203 

100.  0 

Souree:  Zarafonetis,  C.  J.  D. :  The  Serological  Reactions  in  the  Rickettsial  Diseases  of  Man.  Jn  Rickettsial  Diseases 
of  Man.  Washington:  American  Association  for  the  .Advancement  of  Science,  IMS,  pp.  179-183. 


It  now  remained  to  determine  the  effect  of  vaccination  per  se  on  the 
complement  fixing  antibodies.  Tests  were  made  on  sera  taken  before  and  2 
weeks  after  a  1.0  ml.  stimulating  dose  of  typhus  vaccine  in  100  multivacci- 
nated  subjects  (p.  183).  Sera  from  21  of  these  individuals  gave  epidemic 
complement  fixation  titers  ranging  from  1:4  to  1:32  before  the  stimulating 
dose,  while  2  weeks  later  sera  from  70  of  the  subjects  were  positive  in  dilu¬ 
tions  ranging  from  1:4  to  1 : 128.  Where  there  was  an  increase  in  comple¬ 
ment  fixation  titer  as  a  result  of  booster  vaccination,  there  was  a  tendency 
to  return  to  the  previous  level  within  8  Aveeks  after  the  booster  injection. 

The  question  of  anamnestic  reactions  was  studied  in  104  persons  who 
had  been  immunized  with  A-accine  of  the  Cox  type  at  some  time  before  the 
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Table  24. — Serological  findings  in  two  cases  of  typhus  fever  with  negative  results  in  complement 

fixation  tests 


j  Serological  fln>lings 

Case 

Day  of 
disease 

AA’eil-Felix  | 

Complement  flvation  j 

j  Rickettsial  agglutination 

ox-19 

Epidemic 

Murine 

Epidemic 

I  .Alurine 

16261--- 

4 

1:160  - 

Nt^gativf 

NoKBllA'** 

6 

1:1,280 _ 

-do.- 

--do..  - 

Negative 

i  1:160 

8 

1:5,120'-- 

-do_- 

-do  - 

1:40--- 

1:1,280 

;  10 

1:5,120 

--do.. 

-  _do- 

1:160 

1:2,560 

12 

1:5,120'--. 

1 _ do _ 

i  - -do.- 

1:160- 

1 : 10,240 

15 

1:5,120  '--- 

_ -do.. 

i  .  do _ 

1:320- 

1:5,120 

17 

1:5,120'--- 

. .  do. 

-.do.-- 

1:320 _ 

I  1:5,120 

l)-857-_ 

4 

1:160-- 

-do.. 

--do _ 

1:160 _ 

1:40 

1 

11 

1:1,280 _ 

-do. 

! _ do. . . 

1:1,280 _ 

1:320 

18 

1:1,280. 

.  -do.  . 

: _ do _  - 

1:1,280 _ 

1:160 

24 

1 

1:640 _ 

_ do. . 

_ do.- .  _ 

1:320 _ 

1:80 

1 

■  End  imint  titvr  was  not  reached. 

Source:  Zarafonetis.  C.  J.  D.;  The  Serological  Reactions  in  the  Rickettsial  Diseases  of  .Man.  In  Rickettsial  Diseases 
of  .Man.  Washington;  American  Association  for  the  Advancement  of  Science,  1W8,  pp.  179-183. 


febrile  illness  that  led  to  their  hospitalization  (p.  183).  No  significant  in¬ 
crease  in  complement  fixing  antibodies  occurred  in  them  as  a  result  of  the 
nontyphus  fevers. 

With  these  studies  as  background.  Zarafonetis  and  his  coworkers, 
studying  '2i)  vaccinated  patients  with  probable  epidemic  typhus  fever,  found 
that  the  diagnosis  could  be  made  serologically  provitled  the  possible  effects 
of  vaccination  per  se  were  evaluated  as  well.  A  higher  degree  of  cross-fixa¬ 
tion  was  encountered  in  these  tests  than  had  been  found  in  nonvaccinated 
patients  with  epidemic  or  murine  typhus  fever.  An  example  is  shown  in 
table  25.  This  patient  was  proved  to  have  epidemic  typhus  fever  by  isolation 
of  the  strain.  The  high  degree  of  cross-fixation  present  in  the  .sera  was  not 
due  to  a  peculiarity  of  the  strain  itself,  since  sera  from  guinea  pigs  infected 
with  it  gave  high  titers  in  complement  fixation  tests  with  epidemic  antigen 
but  were  negative  in  tests  with  murine  antigen.  Because  of  the  observed 
cross-fixation,  it  was  deemed  unjustifiable  to  attempt  differentiation  lietween 
epidemic  and  murine  typhus  in  Aaccinated  persons  on  the  basis  of  the  com¬ 
plement  fixation  test  alone. 

In  seeking  an  explanation  for  the  cross-fixation,  it  was  noted  that  the 
same  lots  of  antigen  Avere  used  in  l)Oth  the  vaccinated  and  the  unvaccinated 
groups  and  in  the  latter  reAealed  no  lack  of  specificity.  Again,  tests  on 
sera  from  guinea  pigs  infected  Avith  tAAo  .strains  isolated  from  the  Aaccinated 
patients  gaA’e  clear-cut  identification  of  epidemic  typhus  fever.  Accordingly, 

41  See  footnote  S.A  (3).  p.  183. 
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Table  25. — Serological  findings  in  a  patienl  with  epidemic  typhus  fever  '  contracted  after 

receiving  5.0  cc.  of  Cox-type  vaccine 


Day  of  disease 


8th.  _ 

19th 

30th- 

40th. 

83d 

162d. 


Serological  flndings 


Well- Felix 
ox-19 

Complement  flxntion 

Epidemic 

1  Murine 

Negative. 

1:4 _ 

:  Negative 

1:160 _ 

1:512 _ 

1:512 

1:160 _ 

1:512 _ 

i  1:512 

1:80 _ 

1:512 _ 

i  1:256 

Negative _ 

1:512 _ 

1:128 

-  .do _  - . 

1:256 

i  1:16 

>  Verified  by  strain  isolation. 

Source:  Zarafonetis,  C.  J.  D.:  The  Serological  Reactions  in  the  Rickettsial  Diseases  of  Man.  In  Rickettsial  Diseases 
of  .Man.  Washington:  .American  .Association  for  theAdvancement  of  Science,  IMS.  pp.  17#-183. 


with  the  antigens  known  to  be  specific  and  the  possibility  of  “intermediate” 
strains  ruled  out,  it  appeared  that  the  increased  amount  of  cross-fixation 
was  the  resuU  of  the  vaccination  itself.  Furthermore,  in  vaccinated  sub¬ 
jects  without  typhus  there  was  a  higher  amount  of  cross-fixation  than  one 
would  exi)ect.  It  apiieared,  therefore,  that  vaccination  introduces  some  fac¬ 
tor  that  gives  rise  to  cross-fixation  and  that  this  is  simply  exaggerated  by 
subsequent  infection.  The  following  hypothesis  was  advanced : 

Several  workers  have  noted  the  presence  of  a  soluble  substance  in  epidemic  and 
murine  rickettsial  suspensions  derived  from  infected  yolk  sacs.  This  soluble  substance 
is  common  to  both  strains  and  if  present  in  antigens  used  in  complement  fixation  tests 
is  responsible  for  cn*ss-fixation  with  heterologous  sera.  Plotz  and  his  coworkers  removed 
this  soiubie  antigen  from  rickettsiai  suspensions  and  these  purlfieil  rickettsial  antigens 
gave  little  or  no  heterologous  fixation.  The  antigens  used  in  this  laboratory  are  similarly 
purified  rickettsial  suspensions  and  have  demonstrated  their  specificity  in  nonvaccinated 
typhus  cases. 

While  this  soluble  material  is  responsible  for  cross-fixation  in  complement  fixation 
tests,  it  also  has  immunogenic  properties.  Topping  and  his  associates  have  found  that 
this  material  produced  positive  Weil-Felix  reactions  in  rabbits,  and  that  guinea  pigs  were 
immunizeil  as  judged  by  the  stimulation  of  immunity  to  challenge  with  guinea  pig  passage 
material.  They  al.so  found  that  it  produced  complement  fixing  antibodies  when  injected 
into  guinea  pigs.  These  findings  were  considered  sufficient  to  warrant  the  retention  of 
the  soluble  material  in  vaccine  preparations  such  as  are  in  use  today. 

Thus,  antigens  for  complement  fixation  tests  are  purified  by  removing  the  soluble 
subsUince.  while  vawines  retain  it  for  its  immunogenic  properties.  Therefore,  an  indi¬ 
vidual  vaccinated  with  Cox-type  epidemic  typhus  vaccine  receives  both  epidemic  rlckettsiae 
and  soluble  substance.  It  seems  reasonable  to  a.ssume  that  an  immunogenic  response  will 
be  elicited  by  both  of  these  components  of  the  vaccine,  though  this  may  not  necessarily 
be  detected  in  serologic  tests.  Subsequent  infection  with  typhus  rlckettsiae  stimulates  a 
further  antibody  response,  including  a  soluble  substance  component  which  fixes  comple¬ 
ment  in  the  presence  of  both  epidemic  and  murine  antigens.  In  other  words,  a  com¬ 
plement  fixing  antibody  against  both  epidemic  and  murine  rlckettsiae  results  from  inocula- 

6.3 - 16 
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tion  with  vuociae  fontaiiiliiK  a  soluhle  substaiuv.  This  aiititHKiy  Kives  rise  to  oross-ttxatioii, 
thus  teiiiliiiK  tt>  »-ouiiteraft  the  s|»eflHflt.v  of  aiitiKeiis  piu'itietl  hy  removing  the  soluble 
sultstance. 

Rickettsial  agglutination. — Limited  ngglutiuat  iou  studies  with  rickettsial 
sus()ensions  had  l)een  performed  by  a  numl)er  of  investigators  prior  to  World 
War  II.  In  most  of  the  early  tests,  a  microscopic  technique  was  used,  but 
with  the  develo|)ment  of  metluKls  for  producing  larger  yields  of  rickettsiae, 
macroscopic  tests  otfeivd  promise  of  prsictical  application.  Stuart-IIarris 
and  his  a.ss<H*iates,^“  using  epidemic  ami  murine  suspensions  prepared  from 
the  lungs  of  mice  infectetl  hy  the  intranusal  route,  detected  agglutinins  in 
guinea  pig  and  human  convalescent  sera.  They  concluded  that  differences 
l)etween  epidemic  and  murine  typhus  could  be  demonstrated  by  rickettsial 
agglutination.  Van  Rooyen  and  Bearcroft  were  the  first  to  employ  sus- 
{lensions  of  epidemic  and  murine  typhus  micro-organisms  prepared  from 
yolk-sac  cultures  and  purified  by  the  ('raigie  extraction  technique.  They 
used  a  macroscopic  agglutination  technique  with  sera  from  patients  witli 
typhus  fever  and  concluded  that  a  differential  diagnosis  l>etween  epidemic 
and  murine  typhus  was  |>ossible  with  this  test. 

Plotz  and  Synder  **  undertook  an  evaluation  of  rickettsial  agglutination 
with  purified  antigens  similar  to  those  employed  in  the  complement  fixa¬ 
tion  studies  that  have  been  described  (p.  183).  Again,  the  specimens  tested 
consisted  of  the  sera  obtained  from  the  32  unvaccinated  patients  in  Cairo. 
Agglutinins  occurred  in  rising  titer  in  all  cases  during  tlie  course  of  the 
disease.  Table  20  summarizes  the  re.sults  in  one  of  the  patients.  It  may  be 
sf'en  that  the  titer  obtained  with  epidemic  typhus  antigen  exceeds  that  found 
with  the  murine  typhus  antigen,  but  there  is  more  cross-reaction  here  than 
was  noted  in  the  complement  fixation  tests  on  the  same  specimens  (table  22). 
In  extending  the  test  to  sera  from  patients  with  other  diseases,  it  was  found 
that  titers  were  obtained  at  times.  The.se  workei’s  concluded,  therefore: 
“Since  epidemic  and  murine  agglutinins  may  occur  in  convalescent  specimens 
from  cases  of  Rocky  Mountain  spotted  fever,  occasionally  in  high  titer,  caution 
should  W  observed  in  evaluation  of  this  test  when  used  as  a  diagnostic 
procedure." 

Regrettably,  routine  rickettsial  agglutination  tests  were  not  |ierformed 
in  the  Cairo  laboratory  of  the  Typhus  Commi.ssion  partly  liecause  the  pro- 
ceilure  utilizes  about  10  times  the  amount  of  antigen  employed  in  comple¬ 
ment  fixation.  In  the  vaccinated  patients  with  epidemic  typhus  fever,  the 
serological  tests  did  not,  therefore,  include  rickettsial  agglutination.  Data 
obtained  in  tests  on  seni  from  one  .siicli  j)atient,  however,  are  given  in 
tal>le  lo  (case  3).  In  the  section  (p.  204)  dealing  with  murine  typhus,  it 

■•2  Stiiiirt-niirrls,  C.  II..  Ri-ttie.  O.  K.  C..  nnil  OIiv«>r.  J.  O.  :  Rickettsial  Agglutination  StuclIcH  in 
T.viihus  Fever.  I,nneet  2:  SO  Oct.  ItH.t. 

Von  Roo.ven.  C.  E..  and  Benreroft.  W.  O.  C. :  T.vphus  RirkettRinI  Agglutination  Tests  in  the 
Middle  East  Fore*>H  and  Eg.vpt.  Edinburgh  M.J.  .’*0:  2,57-272,  May  1943. 

44  See  footnote  32  (1)  and  i4>,  pp.  179-l.so. 
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Table  26. — Rickettsial  agglutination  test  results  in  case  134  i — strain  isolated 


Day  of  disease 


4th-- 

5th-- 

6th-- 

8th-. 

lOth- 

12th- 

14th- 

IDth- 

20th- 

23d-- 

25th- 

27th- 

115th 

286th 


I 

I 

I 


Serum  titer  with— 


Epidemic  I  Endemic 
antigen  |  antigen 


I 

I 


0 

0 

0 

0 

0 

0 

1 

80 

1 

40 

1 

640 

1 

160 

1 

2,  560 

1 

160 

1 

5.  120 

1 

1,280 

1 

10,  240 

1 

1,280 

1 

10.  240 

1,280 

1 

10.  240 

1 

1,280 

1 

5.  120 

1 

640 

1 

5,  120 

1 

640 

1 

160 

40 

1 

80 

1 

10 

Source:  Pk>tx,  II.,  and  Snyder.  J.  .M.:  The  Serological  Pattern  in  Epidemic  Typhus  Fever.  IV.  Rickettsial  Agglu¬ 
tination.  Division  of  Virus  and  Rickettsial  Diseases.  .Army  Medical  School.  Army  .Medical  Center,  Washington,  D.C., 
1M4.  [Oflicial  record.] 


has  been  suggested  that  tlie  rickettsial  agglutination  test  may  be  more  specific 
in  vaccinated  individuals  than  is  the  complement  fixation  test.^®  Further 
information  on  the  antibody  responses  of  patients  acquiring  epidemic  typhus 
fever  after  vaccination  would  be  required  to  establish  this  point. 

Neutralizing  antibody  test. — In  1940,  Gildemeister  and  Haagen  de¬ 
scribed  the  association  of  a  toxin  with  living  murine  typhus  rickettsiae 
grown  in  yolk  sacs  of  developing  chick  embiyos.  These  workers  were  inter¬ 
ested  in  protlucing  a  vaccine  and,  among  other  questions  to  be  answered, 
wished  to  establish  whether  rickettsiae  grown  by  this  technique  had  kept 
their  pathogenicity  for  white  mice.  Accordingly,  they  injected  a  suspen¬ 
sion  of  yolk  sac  infected  with  R.  mooseri  intraperitoneally  into  white  mice 
in  0.5  and  1.0  ml.  amounts.  To  their  surprise,  all  the  mice  died  within  4  to 
20  hours,  some  in  convulsions.  Further  study  of  this  finding  i-evealed  that 
this  effect  was  due  to  the  presence  of  a  rickettsial  toxin  and  that  the  toxin 
was  destroyed  by  heating  to  60°  C.,  or  by  treating  with  formalin;  that  is,  it 
was  destroyed  by  procedures  used  to  kill  the  rickettsiae.  Finally,  they 
demonstrated  that  convalescent  serum  from  either  epidemic  or  murine 
typhus  would  neutralize  the  toxin. 

-*3  Plots.  H.,  and  Wortman,  K. ;  Modification  of  Serological  Rcaponse  to  Infection  With  Murine 
Typhiia  by  Previous  Immunization  With  Epidemic  Typhus  Vaccine.  Proc.  Soc.  Exper.  Biol,  k  Med.  59 : 
248-251,  June  1945. 

46  Gildemeister,  E.,  and  Haagen,  E. :  Fieckfieberstudien.  I.  Mitteilnng :  Nachweis  eines  Toxins  in 
Rickettsien-Eikulturen  (Rickettsia  mooseri).  Deutsche  Med.  Wchnschr.  66:  878-880,  9  Aug.  1940. 
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Following  the  report  of  (Jildemeister  and  Haugen,  Ihjngtson  and  her 
eoworkers^^  found  that  a  toxic  substance  was  present  in  yolk-sac  cultures 
infectetl  with  epidemic  typhus  rickettsiae.  Henderson  and  Topping then 
showed  that  this  toxic  substance  could  be  neutralized  by  convalescent  epi¬ 
demic  typhus  serum,  and  devisetl  a  neutralization  test  in  mice  which  was 
adopted  by  the  National  Institutes  of  Health  as  the  standaixl  jM)tency  test 
for  typhus  vaccines.  At  about  the  ssuiie  time,  Hamilton  ■*“  demonstrated 
that  the  toxins  associated  with  sus|)ensions  of  living  epidemic  and  murine 
typhus  rickettsiae  were  immunologically  separable  as  were  the  antilKxlies 
that  neutralized  them. 

Plotz  and  Hennett  undertook  an  evaluation  of  the  mou.se  neutraliza¬ 
tion  test  as  a  {>ossible  laboratory  tool  for  u.se  in  the  diagnosis  of  ty[)hus 
fever.  Phnploying  some  13,000  mice,  they  carried  out  neutralization  tests 
on  the  serial  serum  specimens  obtained  from  the  32  (’airo  cases  of  epidemic 
typhus  fever.  In  recording  the  results  of  this  study,  complete  frrotcction 
indicated  that  all  mice  tested  at  a  given  serum  dilution  survived:  partial 
/yrotertioiu  that  one  or  more  but  not  all  of  the  animals  survived;  ami  no 
protection,  that  all  the  mice  in  a  group  dieil.  For  uniformity  in  recording, 
the  50  percent  end  j)oint  of  each  titration  was  determined  by  the  method  of 
Reed  and  Muench.  Table  27  illustrates  the  neutralization  titers  obtained  in 
tests  on  sera  from  one  of  the  Cairo  cases.  Actually,  neutralizing  antibody 
appeared  during  the  course  of  illness  in  all  of  the  cases  studied;  28  percent 
developed  neutralizing  antibodies  by  the  6th  day,  75  percent  by  the  8th  day, 
and  KK)  i)ercent  by  the  11th  day.  The  curve  of  neutralizing  antibody  re¬ 
sponse  was  quite  similar  to  that  obtained  in  AVeil-Felix  Protexis  OX-19 
agglutination  tests  on  the  same  sera. 

Of  additional  interest  were  the  results  obtained  by  the  same  authors 
when  epidemic  typhus  neutralization  tests  were  performed  with  specimens 
of  serum  from  cases  of  Rocky  Mountain  spotted  fever.  The  patients  from 
whom  the  specimens  were  obtained  had  not  been  given  any  typhus  vaccine, 
nor  did  they  have  a  history  of  typhus  fever.  Neutralizing  antibodies  for 
epidemic  toxin  Avere  found,  hoAvever,  in  11  cases  of  Rocky  Mountain  spotted 
fever  studied.  This  finding  indicated  that  the  epidemic  neutralizing  anti- 
iKxly  was  not  restricted  to  epidemic  typhus  fever,  and  hence,  these  workers 
concluded  that  the  mouse  neutralization  test  is  not  reliable  as  an  indication 
of  a  past  infection  with  typhus. 

Isolation  and  identification  of  R,  prowazeki  strains. — Isolation  of  the 
causative  agent  and  identification  of  it  through  appropriate  means  is  clas- 
sicallj’  the  only  absolute  method  of  diagnosis  of  an  infectious  disease.  Strain 

U.S.  I'ublio  Ilpalth  Service,  Federal  Security  ABcncy :  National  Institute  of  Health  Bulletin 
No.  IS.".  Studies  of  Typhus  Fever.  Washington  :  U.S.  Government  Printing  Office,  1945,  pp.  25-29. 

■t'*  I’.S.  Public  Health  Service,  Federal  Security  Agency  :  Nutionai  Institute  of  Health  Bulletin 
No.  1 S.'!.  Studies  of  Typhus  Fever.  Washington  ;  U.S.  Government  Printing  Office.  1945,  pp.  41-56. 

'*!>  Hamilton,  H.  L.  :  Speci6city  of  the  Toxic  Factors  Associatetl  With  the  Bpidemic  and  Murine 
Strains  of  Typhus  Kickcttsiae.  Am.  J.  Trop.  Med.  25:  391-395,  September  1945. 

50  See  footnote  .12  (3).  p.  179. 
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Table  27. — Epidemic  neutralizing  antibody  findings  in  case  1344— strain  isolated 


Day  of  disease 

50  percent  end 
point  titer  final 
dilution 

Day  of  disease 

so  percent  end 
point  titer  final 
dilution 

4th _ _ _ 

0 

19th _ 

2,  580 

5th _  _  _  - _ 

0 

20th _ 

1,  444 

6th  -  -  i 

;  0 

23d--  -  -  - 

1.  618 

8th _ 

25 

25th _ 

1,  618 

10th. .  _  ... 

90 

27th---  _ 

722 

12th-.  _ 

645 

115th _ 

161 

14th _ 

2,  048 

286th _ _ _  ..  _ 

51 

Source:  Plotz,  H.,  and  Bennett,  B.  L.:  The  Serological  Pattern  in  Epidemic  Typhus  Fever.  III.  The  Neutralizing 
Antibody.  Division  of  Virus  and  Rickettsial  Diseases,  Army  Medical  School,  Army  Medical  Center,  Washington,  D.C., 
1944.  [Official  record.) 


isolation  of  A*,  pr&wazeki  was,  therefore,  often  performed  in  the  field  labora¬ 
tories  of  the  U.S.A.  Typhus  Commission  in  order  to  establish  a  firm  basis 
for  the  observations  made  in  their  various  investigations.  In  addition  to  the 
obvious  importance  of  strain  isolation  for  diagnostic  purposes,  it  was  also 
desirable  for  laboratory  comparison  of  immunity  relationships  between 
strains  that  were  isolated  during  epidemiological  surveys  in  various  parts 
of  the  world.  Strains  of  A*,  prowmeki  were  also  available  for  special  vac¬ 
cine  production  if  differences  in  immunogenic  properties  from  the  Breinl 
strain  (employed  in  the  U.S.  Army  vaccine)  had  become  manifest.  Strains 
were  used  further  in  the  laboratory  evaluation  of  chemotherapeutic  agents 
and  in  the  preparation  of  antigens  for  serological  tests. 

Guinea  pigs  were,  of  coui-se,  invaluable  in  the  initial  isolation  of  typhus 
fever  organisms,  either  from  the  ground  clot  of  blood  drawn  from  the  patient 
early  in  the  course  of  illness  or  from  ground  infected  lice.  The  Cairo  Unit 
of  the  Typhus  Commission  maintained  a  colony  of  noninfected  lice  for  use 
in  such  studies.®^  Pill  boxes  containing  approximately  200  lice  each,  and 
prepared  with  a  fine-mesh  cloth  screen  through  which  the  lice  could  feed, 
were  often  carried  by  members  of  the  Typhus  Commi.<?sion  to  distant  points 
of  survey.  The  lice  Avere  fed  on  their  persons  until  such  time  as  an 
appropriate  case  of  suspected  typhus  fever  Avas  found.  The  pill  box  AAould 
then  be  attached  Avith  adhesive  tape  to  the  patient’s  leg  for  about  10  days. 
At  the  end  of  this  feeding  period,  the  louse  box  Avas  carefully  remoA’ed  and 
sealed  in  an  envelope,  not  to  be  opened  again  until  the  Avorker  had  returned 
to  the  laboratory,  often  hundreds  of  miles  distant  from  the  patient.  At  the 
laboratory,  the  material  Avas  carefully  ground  and  injected  into  guinea  pigs 
for  the  conventional  isolation-of-strain  procedure.  In  this  manner,  for 

SI  Snyder,  J.  C.,  and  Wheeler.  C.  M. :  The  Experimental  Infection  of  the  Human  Body  Louse, 
Pediculus  humanus  corporis.  With  Murine  and  Epidemic  Louse-Borne  Tvphus  Strains.  J.  Exper  Med 
82  :  1-20,  July  1945. 
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exuinple,  one  oftioer^-  wjus  able  to  isolate  in  C’airo  10  strains  of  li.  ptou'ozeki 
from  partisan  soUliers  ill  with  typhus  in  Yugoslavia  during  March  1945. 

Supplies  of  guinea  pigs  were  liniite<l  so  that  Held  studies  were  often 
hamj)ered.  For  this  ivason,  the  obstnwation  of  Snyder  and  his  coworkei*s*® 
that  two  desert  rmlents,  namely,  (ierhillits  gerbiUim  and  (ierhillm  pyra- 
midutii,  wei*e  susceptible  to  exiHU'imental  typhus  infe<*tion  pi*oved  to  be 
valuable  for  the  stmlies  of  the  Typhus  ('ommission  in  Cairo. 

The  developing  chick  embryo  was  employetl  for  cultivation  of  A*,  protva- 
z^hl  in  largt'  tpiantities  for  vaccine  production  and  for  antigens,  as  has  been 
noted.  n»>wever,  the  embryonated  egg  was  not  widely  \ised  for  direct  isola¬ 
tion  of  rickettsiae  from  the  blood  of  patients  ill  with  typhus  fever,  and  the 
degree  of  successful  strain  isolation  that  might  be  achieved  through  this 
technique  ivmains  to  1h‘  detennined. 

TREATMENT 

The  treatment  of  epidemic  typhus  fever  may  Ih?  considere«l  in  two  broad 
categories.  First  atv  the  general  sup|)ortive  measmvs  including  go<Hl  nui*sing. 
particular  attention  to  diet,  fluids  and  electrolytes,  and  appropriate  manage¬ 
ment  of  com|»lications  as  they  arist».  These  ineasuivs  have  l)een  outlined 
(p.  15J1)  with  the  observations  and  reasoning  on  which  they  were  based,  and 
need  little  exposition  here. 

Supportive  therapy. — Diligent  nursing  care  is  mpiiretl  throtighout  the 
febrile  iH*riod  aiul  also  dtiring  convalescence.  The  iM)sition  of  sen li.stu porous 
patients  should  l)e  changed  often  to  ptvvent  both  skin  ami  pulmonary  com¬ 
plications.  The  oral  cavity  should  Ih*  cleansed  freqtiently  in  an  effort  to 
prevent  pai’otitis.  Careful  attention  inu.st  l)e  given  to  fluid  intake  and  out¬ 
put.  As  much  as  4.000  cc.  of  fluids  may  Ih*  requiretl  daily,  prefenibly 
administered  orally.  Supplemental  int venous  flui<ls  should  l)e  given  when¬ 
ever  neces.sary  to  maintain  fluid  balance.  With  res|iect  to  diet,  high  protein 
and  caloric  intake  is  as.sociated  with  le.ss  loss  of  weight  ami  a  shorter  j)erio<l 
of  convale.scence.  In  severe  ca.ses,  nourishing  protein  and  carbohydrate  mix¬ 
tures  may  lie  given  via  an  indwelling  stomach  tula*.  Delirium  and  extreme 
restlessness  may  be  controlled  by  chloral  hydrate  or  paraldehyde,  but  bar¬ 
biturates  act.  unpredictably. 

The  pre.sent  discu.ssion  is  chiefly  concerned  with  s|)eciHc  treatment,  in¬ 
cluding  serotherapy,  the  use  of  antibiotics,  and  chemotherapy,  and  some 
consideration  is  given  to  prophylaxis. 

Serotherapy. — Immune  serum  had  l)een  u.sed  i)y  a  number  of  workem  in 
the  treatment  of  louseborne  typhus  prior  to  Woi-ld  War  II.  Human  con- 

MomnrniKiiiiii,  Muj.  Chris  .T,  I).  ZiirufonialK.  MC,  to  llrlc.  Gon.  S.  Hnvnt‘-.To?H'».  DIroptor.  t'.S..\. 
Tyjihiis  ConimiHsinn.  27  .Vpr.  subjopt  :  Typhus  Strainx  from  Yiisoxiavia. 

Snydpr,  .1.  Zarafouptls,  C.  .T.  I).,  and  I.lu.  W.  T. :  The  Siisppptibility  of  the  Rodents. 
GcrhllluM  iterbillu*  and  OrrhiUu*  piiramiiliim,  to  Kx|H*riiiipntal  Typhus  Infection.  I'roe.  Soc.  Kxp**r. 
Itioi.  Jc  Med.  59:  110  112.  June  1945. 
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valescent  serum  generally  showed  no  noticeable  effect  on  the  course  of  the 
disease,  while  there  were  conflicting  i-ejmrts  regarding  the  etiicacy  of  sera 
obtained  from  animals  that  had  recovered  from  exi^erimentally  induced 
typhus.  With  improved  techniques  for  the  growtli  of  large  quantities  of 
rickettsiae,  however,  the  hyperimmunization  of  animals  was  facilitated.  Re¬ 
fined,  concentrated  antityphus  serum  was  pi*epared  from  rabbits  hyperim- 
munized  with  suspensions  of  infected  yolk  sacs  of  developing  chick  embryos.^^ 
Serum  prepared  in  this  manner  was  shown  to  have  a  strikingly  protective 
effect  in  exi>erimental  typhus.^'”' 

Knowledge  of  this  laboratory  experience  prompted  Yeomans,  Snyder, 
and  Gilliam  to  undertake  a  clinical  trial  of  hyi)erimmune  rabbit  serum  in 
patients  admitted  to  the  ward  of  the  Typhus  Gommission  at  the  Cairo  f'ever 
Hospital.  This  study  was  l)egun  in  April  1943;  ;>r)  patients  with  typhus 
were  treated.  All  were  skin  tested  for  sensitivity  to  the  serum,  and,  if  nega¬ 
tive,  serum  therapy  was  administered.  The  total  amount  of  sei’um  given  to 
each  varied  from  51  to  512  cc.,  with  an  average  dose  of  180  cc.  for  this  group 
of  patients. 

Therapeutic  effectiveness  of  hyperimmune  rabbit  serum  was  found  to 
be  related  to  the  duration  of  illness  at  the  time  treatment  was  instituted. 
The  results  in  10  patients  treated  on  the  second  and  third  day  of  the  disease 
were  almost  unifornd}'  good.  The  15  patients  who  had  been  sick  for  4,  5, 
or  0  days  before  serum  was  given  did  not  show  a  striking  difference  in 
clinical  severity  from  the  “untreated”  controls,  except  that  there  were  no 
fatal  cases.  Of  the  25  patients  who  received  hyperimmune  rabbit  serum, 
7  developed  mild  senim  sickness. 

Another  opportunity  to  test  the  efficacy  of  .serum  therapy  presented 
itself  to  the  tT.S.A,  Typhus  Commis.sion  group  working  at  the  Dachau  Con¬ 
centration  Camp  in  May  and  June  1945.®'  Ten  patients  admitted  to  the  (\)m- 
mission  ward  were  given  hyperimmune  antityi>hus  rabbit  serum  on  the 
following  dosage  schedule:  In  the  first  24  hours  after  admission,  (J.5  cc. 
per  pound  of  body  weight;  on  the  second  and  third  days,  0.25  cc.  per  pound 
of  body  weight.  All  of  the  serum  was  injected  intramuscularly  in  the 
buttocks  after  appropriate  skin  te.sting.  Owing  to  limited  supply,  the 
average  amount  admin i.stered  to  these  .subjects  was  less  than  was  given  to 
the  patients  in  the  Cairo  serie.s.  This  may  lie  the  explanation  for  results  less 
impressive  than  those  obtained  in  the  Cairo  study.  The  illness  in  four 
patients  was  mild;  four  were  moderately  ill;  and  one  was  severely  ill.  The 
10th  patient  treated  died  of  widely  disseminated  tuberculosis  4  weeks  after  the 

54  Kurotcbkin,  T.  J.,  ran  der  Scheer,  J..  and  W’yckoff.  R.  W.  G. :  Refined  H.v!»erlramune  Rickettsial 
Sera.  Proc.  Soc.  Exper.  Biol.  &  Med.  d.") :  32S.  October-December  1940. 

53  Wyckoir.  R.  W.  G..  and  Bohnel.  E, :  Therapeutic  Effect  in  Guinea  Pigs  of  Hyperimmune  Epi¬ 
demic  Typhus  Antiserum.  I’roc.  Soc.  Exper.  Biol.  &  Med.  49;  712-715,  April  1942. 

56  Yeomans.  A..  Snyder.  J.  C..  and  Gilliam,  A.  G. :  The  Effects  of  Concentrated  Hyperimmune 
Rabbit  Serum  in  Louse  Borne  Typhus.  J.A.M.A.  129  :  19-24,  1  Sept.  1945. 

57  See  footnote  14,  p.  155. 
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onset  of  typhus  fever.  The  average  duration  of  fever  in  the  treated  cases 
was  15.2  days  as  opposed  to  1(5.2  ilays  in  121  “untreated"  contiol  cases. 
Serum  sit-kness  appeared  in  5  of  the  10  patients  treated. 

It  is  of  interest  to  observe  that  the  hy|)eriminune  serum  tlid  not  have  a 
rickettsiocidal  effect,  for  Plotz  and  his  <-oworkers  isolated  rickettsiae  from 
11  of  the  (’airo  patients  after  the  serum  had  l>een  <riven.  From  tlie  pro- 
lonjred  incubation  |)eri(Hls  noted  in  isohitinj;  these  micro-organisms  in  guinea 
pigs,  it  was  postidatetl  that  the  serum  may  luive  e.xerted  a  rickettsiostatic 
effect.  Finally,  these  workers  sugge.sted  that  the  beneticial  clinical  effect 
attributed  to  hyperimmune  rabbit  serum  ''as  Jue  to  its  ability  to  neutralize 
the  toxic  sid)stance  ehdmrated  by  typhus  rickettsiae. 

Antibiotics. — In  15)44,  crude  commercial  penicillin  was  shown  to  inhibit  tlie 
growth  of  typhus  rickettsiae  in  the  yolk  sac  and  markedly  to  reduce,  or 
even  completely  prevent,  mortality  from  murine  typhus  infection  in  mice.®'* 
(Minical  trials  of  penicillin,  however,  were  limited  in  both  the  number  of 
cases  treated  and  the  dosages  administered.  For  example.  Col.  "William  S. 
Stone,  M(\  ("'hief.  Preventive  Medicine,  Medical  Section,  North  African 
Theater  of  Operations,  U.S.  Army,  and  Captain  Woodward  of  the  Typhus 
Commission  ma<le  available  to  British  workers  in  Italy  4  nnllion  Oxford 
units  of  penicillin  for  trial  in  the  treatment  of  epidemic  typhus  fever.  Four 
patients  were  treated,  none  before  the  sixth  day  of  disea.se.  The  total  amount 
of  penicillin  dosage  ranged  from  509,000  units  to  800,000  units.  Two  of  the 
four  patients  died. 

Penicillin  was  given  to  four  additional  cases  of  epidemic  typhus  fever 
on  the  Typhus  Commission  ward  in  ('airo.®-  Yeomans  and  his  coworkers 
could  not  determine  on  the  basis  of  this  limited  experience  whether  |ieni- 
oillin  given  early,  ami  in  wha'  were  then  considered  “large  amounts,"  did 
or  did  not  affect  the  course  of  typhu.s.  The  potential  usefulness  of  penicillin 
for  the  treatment  of  secondary  bacterial  infections  superimposed  on  typhus 
fever,  however,  was  recognized  by  them  soon  after  this  antibiotic  became 
available. 

Postwar  studies  by  Greiff  and  Pinkerton  ®®  with  pure  crystalline  peni¬ 
cillin  fractions  revealed  important  differences  in  the  rickettsiostatic  activity 
of  the  different  fractions.  Penicillin  X  was  about  four  times  as  effective  on 
a  unit  basis  as  pencillin  G,  and  there  were  differences  in  the  potency  of  other 
fractions.  From  this,  it  would  appear  that  the  irregidar  results  reported 

58  I’lotz,  H..  Bennett,  B.  L.,  and  Tabet,  F. :  Kffect  of  Concentrated  Hyperimmune  Rabbit  Serum 
on  CircuIatinB  Agent  in  Loiiae  Borne  Typhus.  I'roc.  Soc.  Kxper.  Biol.  &  Med.  6.3  :  170-178.  October  1946. 

59  Greiff.  D.,  and  Pinkerton,  H.  :  Inhibition  of  Growth  of  Typhiia  Rickettsiae  in  the  Yolk  Sac  by 
Penicillin.  Proc.  Soc.  Exper.  Biol.  &  Med,  55  :  110-119.  February  1944. 

69  Moragues,  V.,  Pinkerton.  H..  and  Greiff.  D. :  Therapeutic  Effectiveness  of  Penicillin  in  Experi¬ 
mental  Murine  Typhus  Infection  in  dba  Mice.  .T.  Exper.  Med.  79 :  431-4.37,  April  1944. 

61  Medical  Research  Council,  Special  Report  Series  No.  25.5,  Chemotherapeutic  and  Other  Studies 
of  Typhus.  liondon  :  His  Majesty’s  Stationery  Office.  1946,  pp.  78-81. 

62  See  footnote  6,  p.  147. 

fi-i  Greiff,  D.,  and  Pinkerton,  H. :  The  Rickettsiostatic  Action  of  Crystalline  Penicillin  Fractions  In 
Embryonate  Eggs.  Proc.  Soc.  Exper.  Biol.  &  Med.  08:  228-232,  .Tune  1948. 
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could  have  been  due  to  varyin*'  proportions  of  the  penicillin  fractions  in 
the  preparations  used.  These  workers  concluded  that  the  clinical  trials 
referred  to  al)ove  were  invalidated  by  the  use  of  low  doses,  started  late  in  the 
course  of  the  disease,  by  the  small  number  of  cases,  and  by  the  fact  that 
fractions  of  proved  potency  against  R.  prowazeki  were  not  employed.  The 
etfectivene.ss  of  penicillin  in  human  rickettsial  infection,  therefore,  remained 
undetermined. 

The  newer  broad-s|)ectrum  antibiotics  were  not  discovered  until  after  the 
period  under  review  and  .so  are  not  included  here,  but  their  importance  will 
be  indicated  at  the  entl  of  the  discussion  of  therapy. 

Chemotherapy. — A  new  chapter  in  the  treatment  of  epidemic  typhus 
fever  and  other  rickettsial  diseases  was  begun  during  World  War  II  with 
the  observation  that  PABA  exhibited  antirickett.sial  activity  in  vivo.  This 
was  discovered  indei)endently  by  Snyder,  Maier,  and  Anderson  in  1042®^ 
and  by  Greiff,  Pinkerton,  and  Moragues  in  1944.®®  Its  use  was  suggested 
to  the  former  group  by  the  apparently  deleterious  effect  of  sulfonamides  on 
the  course  of  experimental  typhus  infection  and  the  knowledge  that  PABA 
and  sulfonami<les  are  metal)olic  antagonists.  The  second  group  of  workers 
first  tried  PABA  iu  an  etfort  to  enhance  the  action  of  penicillin.  Still  a 
third  discovery  of  the  inhibitory  effect  of  PABA  on  the  growth  of  typhus 
rickettsiae  was  made  in  1944  by  Takeinori,  working  at  the  Hygienic  Institute 
in  Dairen,  Manchuria.®® 

The  letter  report  of  Snyder  and  his  as.sociates  was  circulated  in  labora¬ 
tories  known  to  be  concerned  with  rickettsial  diseases.  At  the  Army  Medical 
School,  Hamilton,  Plotz,  and  Smadel  ®'  undertook  a  systematic  study  of  the 
effect  of  PABA  and  related  substances  on  the  growth  of  rickettsiae.  Inocu¬ 
lating  the  test  compound  directly  into  the  yolk  .sacs  of  infected  chick 
embryos,  which  were  allowed  to  develop  until  death  resulted  from  rickettsial 
infection,  they  found  a  marked  difference  in  survival  time  of  the  treated 
eggs  as  compared  with  the  controls  (chart  9).  In  addition,  it  was  shown 
by  direct  count  of  rickettsiae  in  eggs,  opened  after  an  arbitrary  period  of 
time,  that  their  numbers  had  been  greatly  reduced  in  those  treated  with 
PABA  in  comparison  with  the  relatively  rich  growth  in  the  controls. 

The  percentage  of  embryos  protected  with  2  mg.  of  PABA  was,  in 
general,  higher  than  when  4  mg.  (approximately  70  mcg/ml.)  was  used, 


•M  I>»tter,  J.  C.  Snyder.  .John  Mnier,  nnd  C.  R.  •\nderson.  Internationnl  Health  Division.  The 
Rockefellrr  Foundation,  to  Division  of  Medical  Sciences.  National  Research  Council.  26  Dee.  1942, 
subject :  [Report  on  Chemotherapy  of  Typhus  Fever]. 

Greiff.  D..  IMnkerton.  H..  nnd  Morajrues.  V. :  Effect  of  Enzyme  Inhibitors  and  Activators  in  the 
Multiplication  of  Typhus  Rickettsiae.  I.  I'enicillln,  Para-Aminobenzoic  .\cid.  Sodium  Fluoride,  and 
Vitamins  of  the  B  Group.  .T.  Exper.  Med.  80;  561-574.  December  1944. 

OfTakemori.  N.  :  The  Actions  of  .Sulfonamide  Compounds  and  p-.\mlnobenzoic  .4cid  on  the  Virus 
of  I.ymphoeranulomn  InKuinale  and  Typhus  Rickettsiae  in  Vitro.  .Tapanese  Med.  .1.  2  :  1-S.  Febru¬ 

ary  1949. 

nt  Hamilton.  H.  L..  Plotz.  H..  nnd  Smadel.  .T.  E. :  Effect  of  p-Aminobenzoic  .\cid  on  the  Growth 
of  Typhus  Rickettsiae  in  the  Yolk  Sac  of  the  Infected  Chick  Embryo.  Proc.  Soc.  Exper.  Biol.  &  Med. 
58:  255-262.  March  194.5. 
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suggesting  a  toxic  etrect  of  excessive  PAHA.  Even  so,  the  necessity  for 
using  quantities  of  PAHA  up  to  2  mg.  to  inhibit  rickettsial  growth  in  an 
egg  suggested  the  possibility  that  a  nonsjwciHc  effect  might  be  involved. 
Accordingly,  two  isomers,  ortho-  untl  meta-aminol)enzoic  acid,  us  well  as 
acetyl-p-aminobenzoic  acid  (Iwuh  sterilized  by  heat  and  sterilized  by  Seitz 
filtration),  sulfanilamide,  soilium  lauizoate,  anil  l)enzoic  acid  were  tested  in 
concentrations  equivalent  to  the  maximal  dose  of  PAI5A  (4  mg.  per  egg). 
AVith  the  exception  of  the  heat-sterilized  acetyl  derivative,  none  of  these 
substances  had  any  apparent  effect  on  either  the  time  of  death  or  the  numl)er 

Chart  of  luira-aminolHicoiv  iirid  on  time  of  death  in 

(diiek  embryos  infected  with  liiekett.'iin  prowazekl 

[Ciimuluti'  ‘  percent  of  dead  embryos] 
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.Sonre** :  Hamilton,  It.  I...  I'lots,  11..  and  Smndel,  J.  K.  :  KfTeet  of  p-.Vmlno- 
benzoic  Acid  on  the  Growth  of  T.vphiis  Rlekettsiae  In  the  Yolk  Sac  of  the 
Infectetl  Chick  Embryo.  I'roc.  Soc.  E.xpcr.  Biol.  &  Med.  58: 

March  1943. 

of  rickettsiae.  Heating  hydrolyzes  a  certain  portion  of  acetyl-PAHA  into 
PAHA,  which  is  the  probable  explanation  for  the  above  observation.  These 
studies  clearly  indicate  that  the  inhibition  of  jrrowth  by  PAHA  is  due  to  a 
specific  action  of  the  drug. 

An  outstanding  series  of  investigations  by  Greiff'*'*  and  his  colleagues 
shed  further  light  on  the  mechanism  of  action  of  PAHA  in  rickettsial  infec¬ 
tions,  as  shown  by  Greiff  in  the  discussion  which  follows. 

The  rickett.siostatic  action  of  para-aininolienzoic  acid,  first  <»l).served  by  Snyder  and 
his  co-workers  in  mice,  later  conflrmeil  in  the  yolk  sac  by  Hamilton  and  others  and  still 
later  (because  of  war-time  secrecy)  observeil  independently  in  our  laboratory,  is  a  rather 


08  (1)  See  footnote  C5.  p.  195.  (2)  Greiff,  Donald:  Biology  of  the  Klckettsiae.  In  Rlckettidnl 

niseuHps  of  Man.  Wanhington  :  American  .VHSoclatlon  for  the  .Xdvancement  of  Science,  1948,  pp.  51-63. 
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striking  example  of  the  inhibition  of  an  intraceUular  parasite  by  a  compound  usually 
regarded  as  a  vitamin.  Pinkerton  and  llessey  showed  that  in  riboflavin-deficient  rats, 
practically  moribund  from  typhus,  riboflavin  had  a  striking  “chemotherapeutic”  action, 
causing  rapid  recovery  from  what  appeared  to  be  overwhelming  and  certain  fatal  infec¬ 
tion.  With  the  sudden  resumption  of  cellular  respiration  when  the  missing  link  is  fur¬ 
nished,  the  normal  resistance  of  the  rat  Is  restored.  With  this  fact  in  mind  we  have 
been  interested  in  learning  the  mechanism  of  action  of  PAHA,  and  particularly  in  deter¬ 
mining  whether  or  not  this  compound  like  other  compounds  and  conditions  found  to 
discourage  rickettsial  growth,  causes  an  increase  in  the  cellular  metabolic  rate. 

In  ctmjunction  with  our  earlier  work,  we  proved  conclusively  that  cyanide  had  no 
eiTts't  on  the  rickettsiostatic  action  of  PABA.  From  this  fact  we  concluded  that  PABA 
either  acted  directly  on  the  rickettslae,  in  a  manner  similar  to  the  action  of  sulfadrugs 
on  bacteria,  or  that  PARA,  like  toluidiue  blue,  increased  cell  respiration  by  short-circuiting 
the  cyanide  sensitive  system  of  respiratory  enzymes. 

Recently  we  have  developetl  a  reliable  method  for  measuring  the  oxygen  consumption 
and  carbon  dioxide  output  of  fertile  eggs.  In  3  separate  experiments,  we  have  found 
that  the  injection  of  P.\BA  into  the  yolk  sac  marketlly  increases  the  oxygen  consumption. 
The  effect  is  noted  after  a  delay  of  about  5  days,  which  is  perhaps  caused  by  slow 
absorption  of  the  preclpitate<l  compound  from  the  yolk  sac.  From  the  5th  to  the  10th 
days  after  injection  (almost  exactly  the  period  of  active  rickettsial  multiplication)  the 
oxygen  consumption  continues  to  be  25-50  percent  above  that  of  the  uninjected  control 
eggs.  This  of  course  does  not  prove  that  the  rickettsiostatic  action  of  PABA  is  due  solely 
to  its  Indirect  action  in  increasing  cellular  respiration,  but  in  view  of  the  facts  previously 
lu'ought  out,  this  seems  to  be  a  reasonable  assumption.'’’** 

Greiff  commented  further  in  summarizin*?  the  work  of  his  group: 

Conditions  such  as  low  temperature  and  riboflavin  deficiency,  which  decrease  the  rate 
of  cellular  metabolism,  favor  the  growth  of  rickettsiae.  Higher  temperatures  and  certain 
dyes  and  other  agents  which  increase  cellular  metabolism  are  unfavoralfle  to  rickettsial 
growth.  Our  experiments  indicate  that  the  activity  of  the  cyanide  sensitive  respiratory 
enzyme  (cytochrome  oxidase)  is  one  essential  factor  in  the  protection  of  cells  against 
rickettsial  multiplication.  In  the  case  of  toluidine  blue  and  para-aminobenzoic  acid,  how¬ 
ever,  rickettsiostatic  activity  is  correlated  with  increased  cellular  respiration  brought 
about  by  mechanisms  which  are  cyanide-insensitive. 

Clinical  studies  designed  to  determine  the  therapeutic  effect  of  PABA 
in  epidemic  typhus  fever  were  l)egun  on  the  ward  of  the  Cairo  Unit  of  the 
Typhus  (\)mniissiou  in  1943.  Yeomans,  Snyder,  Murray,  Zarafonetis,  and 
Ecke  were  able  to  report  in  1944  that  the  drug  had  a  fa\  orable  influence 
on  the  clinical  cour.se  of  patients  whose  treatment  was  begun  in  the  first 
week  of  the  disease.  These  studies  were  continued  through  1945,  both  in 
Cairo  and  at  the  Dachau  Concentration  Camp,^^  and  a  summary  of  the 
results  of  treatment  of  a  cumulative  total  of  95  patients  suffering  from 
typhus  fever  was  later  issued."^ 

6!)  Recent  observations  Indicate  that  PABA  enhances  monamine  oxidase  activity.  This  may  repre¬ 
sent  the  pathwa.v  throiiRh  which  increased  oxygen  uptake  is  mediated  by  PABA. 

70  See  footnote  6,  p.  147. 

71  See  footnote  14,  p.  155. 

72  Snyder.  J.  C..  Yeomans,  A..  Clement,  D.  H.,  Murray,  E.  S.,  Zarafonetis.  C.  .T.  D.,  and  Tierney, 
N.  A.  :  Further  Observations  on  the  Treatment  of  Typhus  Fever  With  Para-.\mino-Ben*olc  Acid. 
Ann.  Int.  Med.  27  :  1-27.  .July  1947. 
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The  nioMt  caivfully  controlled  observations  were  made  in  Cairo.  Here, 
patients  were  placed  alternately  in  control  and  PAHA-treated  "roups.  The 
study  "roups  were  composed  of  39  male  Egyptian  patients,  a"es  18  to  48, 
sutferinjr  from  epidemic  typhus  fever.  The  dia"nosis  was  based  on  the 
clinical  course,  serological  findings,  and,  in  19  instances,  isolation  of  U.  proum- 
zvki  from  the  bUxid  or  from  normal  lice  fed  on  the  patients  during  the  febrile 
{period.  None  of  the  patients  had  l)een  vaccinated  against  typhus  fever  or 
gave  a  history  of  a  previous  attack  of  the  disease.  Most  were  somewhat 


Cn.\RT  10. — CoMparinon  of  temperatures  of  20  parn-aminobenzoic  acid  treated  patients  and 
10  ultcrnutc  control  patients,  Cairo,  fJyypt,  1944 

[Mt'iin  daily  rectal  tenii>eratures  are  |ilntt«‘d  for  each  gro\ii>.  zero  day  being  the  day  of  admiaaion  of 
i>aoh  patient  to  the  atiidy  (the  mean  duration  of  illueas  at  the  time  of  admiasion  for  both  groupa  was 
4.4  days).  The  tein|ieraturea  of  fatal  eases  are  Ineludetl  up  to  the  last  reading  before  death  oeeiirred) 
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Source :  Snyder,  J.  C.,  Yeomans,  .4.,  Clement,  D.  H.,  Murray,  E.  S.,  Zarafonetia,  C.  J.  D.,  and 
Tierney,  X.  .V.  :  Further  Obaervationa  on  the  Treatment  of  Typhus  With  Pnra-Amlno-Benzoic  .4cid. 
Ann.  Int.  Med.  27  :  1-27,  July  1947. 


underweight  but  appeared  to  be  in  good  physical  condition  otherwise.  A 
few  of  the  patients  were  subsequently  found  to  have  subclinical  schistoso¬ 
miasis,  but  none  was  excluded  because  of  this  finding.  One  PABA-treated 
patient  developed  an  exacerbation  of  amebic  dysentry  during  convalescence 
from  typhus,  but  his  case  4vas  included  in  the  results.  The  patients  were  in 
the  first  week  of  illness  when  they  were  placed  in  the  control  and  PABA- 
treated  groups  in  automatic  rotation. 

In  the  19  control  subjects,  mean  values  were  as  follows ;  Age,  27.9  years ; 
duration  of  illne.s.s  4vhen  admitted  to  the  group,  4.4  days;  duration  of  fever. 
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17.9  days  (chart  10).  Tlie  incidence  of  complications  was  higher  in  this 
group,  and  thei-e  were  six  fatal  cases. 

In  the  :20  patients  treated  with  PAHA,  mean  values  were  as  follows: 
Age,  *28.5  yeare;  duration  of  illness  when  treatment  was  started,  4.4  days; 
duration  of  fever,  1*2.8  days.  The  incidence  of  complications  was  less  than  in 
the  control  grouj),  and  there  was  one  death  in  this  series. 

The  treatment  regimen  to  be  followed  with  PABA  was  evolved  only 
after  considerable  experimentation.  Yeomans  and  his  coworkers outlined 
the  plan  of  therapy,  as  follows : 

In  all  instnnres,  PAll.\  was  adiiiinistere*!  by  mouth.  The  initial  (lo.se  varied  from 
4  to  8  }rm.  In  the  majority  of  oases,  the  initial  do.se  was  followed  by  2  gm.  every  2  hours 
unless  the  oonoentnition  in  the  bl(M)d  attained  excessive  valmvs.  Adjustments  in  dosage 
were  made  in  relation  to  fluid  intake  and  urinary  output.  The  fluid  intake  in  nearly  all 
instances  was  adequate  to  maintain  the  output  of  urine  between  1,500  and  3,000  cc.  in 
24  hours. 

The  effort  was  made  to  keep  the  concentrati4m  of  1*.\HA  in  the  blood  between  10  and 
20  mg.  per  100  cc.  P.\RA  is  absorlted  and  excreted  very  rapidly,  so  that  a  2-hourly 
schedule  of  administration  was  decided  on  as  that  uio.st  likely  to  produce  a  relatively 
constant  blood  level.  Determinations  made  at  various  times  during  treatment  Indicated 
that  the  2-hourl.v  .schedule  was  effective  in  maintaining  a  satisfactory  concentration  of 
PABA  throughout  the  period  of  therapy. 

P,\HA  was  continued  for  varying  lengths  of  time  in  the  first  cases.  Subsequently, 
it  was  decided  that  treatment  should  be  continued  until  the  luitlent’s  rectal  temperature 
was  C.  (09..5®  F.)  or  les.s  for  24  hour.s.  The  average  amount  of  PAB.\  for  each  case 
W'as  approximately  127  gm.  The  patients  who  are  the  subject  of  discussion  in  this  study 
received  1*ABA  for  at  least  3  days. 

Naiksea  and  vomiting  attributable  to  PAB.V  occurred  in  the  first  few  cases.  There¬ 
after,  in  order  to  le.ssen  gastric  irritation,  sufficient  sodium  bicarbonate  was  given  to  neu¬ 
tralize  the  I’AB.\.  The  acidity  of  the  urine  was  determined  at  least  once  daily  during 
therapy.  The  amount  of  sodium  bicarbonate  was  varied  as  required  to  keep  the  urine 
approximately  neutral  in  reaction.  After  this  plan  was  adopted,  vomiting  was  encoun¬ 
tered  very  infrequently. 

PAB.V  was  available  in  tablets  of  0.5  gm.  each  and  in  capsules  of  0.3  gm.  each. 
Neither  form  was  suitable  for  administration  to  typhus  patients,  who  could  not  be  per¬ 
suaded  to  swallow  the  large  numliers  of  tablets  or  capsules  required  for  each  dose,  but 
they  took  imwdered  PABA  readily  if  it  was  suspended  in  water  or  partially  dissolved  in 
a  sufficient  volume  of  5  percent  sodium  bicarbonate  solution  to  render  the  mixture  slightly 
alkaline.  The  usual  amount  was  2  gm.  of  powdered  PAB.\  with  25  cc.  of  sodium  bicar¬ 
bonate  solution.'*'*  .\fter  swallowing  the  mixture,  the  patient  was  quickly  given  water  to 
take  away  the  slightly  unpleasant  taste  of  the  drug.  This  method  of  administration  was 
entirel.v  satisfactory  in  most  instances. 

Premature  withdrawal  of  PABA  therapy  was  followed  by  a  mild  febrile 
period  which  probably  represented  a  mild  recrudescence  of  the  disease.  For 

73  See  footnote  C,  p.  l-tT. 

74  Postwar  experience  In  the  treatment  of  hundreds  of  nontyphus  patients  has  shown  that  a 
chilled,  10  percent  aqueous  solution  of  pure  prescription-grade  potassium  para-aminobenzoate  (Potaba) 
is  much  more  readily  tolerated  than  the  relatively  crude  mixtures  employed  during  these  typhus 
studies.  In  retrospect,  it  would  seem  that  even  better  results  could  be  achieved  in  typhus  with  Potaba 
if  the  need  should  ever  arise  again. 
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this  1‘eason,  it  was  fouiul  advisable  to  continue  the  initial  course  of  PABA 
for  48  hours  after  the  patient's  tein|)erature  had  returned  to  normal. 

At  no  time  were  crystals  of  PABA  ever  noted  in  the  urine  of  the  patients 
treated.  There  was  detected,  however,  a  slight  tendency  to  leukopenia  dur¬ 
ing  this  form  of  thenipy.  Snyder  and  his  coworkers  found  the  mean  of 
the  lowest  <‘ounts  was  54200  |ier  cubic  millimeter  for  10  control  patients, 
while  the  mean  for  the  20  patients  treated  with  PABA  was  4,100  per  cubic 
millimeter,  but  the  difference  was  not  statistically  significant.  Analysis  of 
the  diffemitial  leukocyte  counts  did,  however.  I'eveal  a  slight  but  statistically 
significant  reduction  in  the  percentage  of  segmentetl  neutrophils  (69.9  per¬ 
cent  was  the  mean  for  the  controls,  and  55.1  percent  was  the  mean  for  the 
ti-eated  gmup)  and  an  increase  of  a  similar  percentage  in  the  lymphocytes. 
The  differences  in  i)ercentages  of  monocytes,  eosinophils,  and  basophils  were 
not  significant.  .Vlthough  slight  depression  of  the  neutrophils  was  attributa¬ 
ble  to  the  administration  of  PABA,  no  in.stance  of  true  agranulocytosis  was 
encouuteml  m  (lie.se  studies. 

PAB.V  was  thus  discovered  to  have  im|>ortant  antirickettsial  activity 
and,  througii  studies  as  just  descrilied.  was  brought  to  the  position  of  a  safe 
and  promising  drug  for  clinical  use  during  World  War  IT.  Its  importance 
in  the  management  of  epidemic  typhus  fever  and  other  rickettsial  diseases 
was  short  lived  as  ii  result  of  the  postwar  development  of  broad-spectnim 
antibiotics.""  The  wartime  studies  with  PABA  may  yet  lie  shown,  however, 
to  liave  great  significance  both  from  the  standpoint  of  rickettsial  growth 
factors  and  as  a  clue  to  certain  intracellular  metabolic  processes. 


75  See  footnote  72,  p.  197. 

7«  I'.XBA  hns  since  been  supplanted  by  the  brnad-spectnini  antibiotics,  which  have  preatl.v  simplified 
the  treatment  of  epidemic  typhus  fever.  Properly  used,  these  will  reduce  the  mortality  of  the  disease 
very  nearly  to  zero.  Chloramphenicol.  Aureomycin  (chlortetrac.vcline),  and  Terramycln  (oxyltetra- 
c.vcline)  are  all  effective,  and  usually  briUR  about  dramatic  Improvement  within  24  to  72  hours  after 
institution  of  therapy.  Woodward  and  Parker  (Woodward.  Theodore  K..  and  Parker,  Robert  T.  : 
Clinical  A|iplication  and  Mode  of  .\ction  of  Antibiotics  in  Rickettsial  and  Virus  Diseases.  In  The 
Dynamics  of  Virus  and  Rickettsial  Infections.  New  Tork  :  The  Blakiston  Company,  Inc..  19.’>4.  pp. 
4.'17-4,'i7. )  consider  the  followin;;  dosage  schedules  to  be  optimal.  For  chloramphenicol,  the  initial 
oral  dose  is  .70  mg.  per  kilogram  of  body  weight,  and  for  Aureomycin  and  Terramycin,  25  mg.  per  kilo¬ 
gram  of  body  weight  is  given.  Maintenance  doses  are  calculated  on  the  basis  of  .70  nig.  per  kilogram 
per  day  for  chloramphenicol,  and  25  mg.  per  kilogram  per  day  for  .\ureomycin  and  Terramycin.  The 
total  daily  requirement  is  given  In  equally  divided  doses  at  (>-  to  8-hour  intervals.  .Xdministration  of 
the  antibiotic  employed  Is  continued  until  the  patient  has  improved  and  has  been  afebrile  for  about 
24  hours.  When  oral  medication  is  not  feasible,  the  intravenous  route  may  be  used.  The  initial  dose 
of  chloramphenicol  should  be  calculated  on  the  basis  of  20  mg.  per  kilogram  of  bod.v  weight,  and  Aureo¬ 
mycin  and  Terramycin  on  the  basis  of  5  to  10  mg.  p<*r  kilogram  of  body  weight.  Subsequent  dally 
requirements  are  calculated  in  tbe  same  manner,  divided  into  four  equal  doses  which  are  administered 
at  O-hoiir  interval.s.  Undesirable  side  effects  such  as  nausea,  vomiting,  glossitis,  diarrhea,  and  proc¬ 
titis  are  more  commonly  encountered  with  .\nreomycln  and  Terramycin  than  with  chloramphenicol. 
The  newer  related  antibiotic,  terracycline,  appears  to  be  equally  effective  with  less  toxicity.  There 
have  been  no  reports  of  hemopoietic  depression  from  the  short-term  use  of  chloramphenicol  in  rick¬ 
ettsial  diseases. 

Cortisone  has  been  combined  with  broad-spectrum  antibiotic  therapy  in  rickettsial  diseases.  Head¬ 
ache  was  promptly  relieved,  toxicity  disappeared,  the  appetite  returned,  and  the  fever  lasted  less  than 
2  days  on  average.  The  addition  of  cortisone  to  the  treatment  regimen  should  especially  be  considered 
in  late,  severely  111,  extremely  toxic  patients. 
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Prophylaxis. — Prevention  of  epuleiniv  typhus  fever  was  made  piavtiealde 
durinii;  World  AVar  II  with  the  pnaliietion  of  ade(piate  (juantities  of  a 
potent  vatvine  and  hy  improved  methmis  of  louse  control. 

Personnel  in  the  Armed  Forces  of  the  Fnitetl  States  weiv  vaccinated 
with  antityphus  vaccine  of  the  Cox  tyj)e.  Althoujjh  104  cases  of  epitlemic 
typhus  weiv  detected  in  C.S.  tnmps,  theiv  was  not  a  singfle  death.  Typhus 
lamtracted  after  vaccination  is,  therefore,  relatively  mild  and  rarely  if  ever 
causes  death.  Furthermore,  lice  fed  on  patients  who  were  vaccinatetl  la* fore 
acquiring;  typhus  <levelop  very  few  rickettsiae  in  comparison  to  lice  fed  on 
unvaccinate<l  patients.  Thus,  vaccination  not  only  alters  the  susceptibility 
of  the  individual  hut,  when  u.se<l  <m  a  broad  si’ale,  also  stu’ves  to  reduce  the 
epidemic  {xitential  of  the  disease. 

In  the  complementary  effort  to  pi*event  the  dist‘a.s4‘  hy  destroyinjr  the 
vtvtor,  a  numlH'r  of  ajrents  wen*  develo|H‘d,  the  most  effective  l)einj;  DDT 
(dichlonHliphenyltrichlonaMhane).  A  10  |H‘rcent  DDT  jwwder  dusted  into 
the  clothinjj  was  fonml  to  pr(»vi<le  almost  complete  protection  ajpiinst  lice 
for  II  weeks  or  more."^  DDT  or  other  insect i<*ide  |)owders  are  of  •ri'eatest 
im|>ortance  when  comlitions  i)ivvail  which  are  favorable  for  an  epidemic. 
During  World  AVar  II.  the  vigorous  application  of  «lelousing  measures  in 
the  prevention  or  prompt  coi\trol  of  tyjdius  epidemics  was  an  historic  accom¬ 
plishment  in  the  annals  of  pivventive  meilicine."** 

Part  II.  Briirs  Disease 

It  is  now  recognized  that  Hrill's  disease  is  clinical  recrudescence  of  a 
jirevious  epidemic  typhus  infection.  The  causative  micro-orgjinism.  It.  protra- 
ZfkJ.  may  remain  latent  in  an  individual  for  years  following  the  original 
infection.  As  immunity  wanes,  and  |M)s.sihly  influenced  by  still  undetermined 
factors,  the  rickettsiae  aiv  activate<l  and  give  rise  to  illness  which  often 
ivsembles  that  as.sociate<l  with  the  primary  infection. 

HISTORICAL  NOTE 

Nathan  Prill  first  descrifnal  the  disorder  in  1S5)S  and  agstin  in  15)10  as 
an  acute  infe<’tious  dist»ase  of  unknown  origin.  His  reports  were  based  on 
the  study  of  221  <*ases  occurring  sjM>radi«*ally  in  New  A'ork  City  during  more 
than  a  decade  of  obstM'vation.  Brill’s  clinical  description  is  classic.  lie  also 
noted  that  AA’idal  tests  and  bhHal  cultuivs  weiv  negjitive  and  called  attention 
to  the  similarity  of  the  <list>ase  to  typhus  fever. 

Additional  <-ases  were  soon  reported  by  others,  and  in  15)12,  Anderson 
and  (loldlHM'ger  showed  by  cross-immunity  tests  that  Brill’s  disease  was 

Sunn-  Htrniiix  of  llco  oncoiiiilonMl  iliirlns  the  recent  Korean  ronfliet.  however,  were  OPT  renlstant 
(Iliirlhiit.  II.  S..  .\ltnian.  R.  M..  and  Nibley.  C..  Jr.:  OPT  ReelHtanei-  In  Korean  Body  Science 

ll.". :  11  12.  4  Jan.  10521. 

TS  See  footnote  4.  p.  144. 
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related  to  Mexiraii  typhus.  At  that  time,  it  was  l)elieved  that  there  was  ouly 
one  form  of  typhus  fever,  hut  duriujr  the  next  SO  years,  it  was  clearly  estab¬ 
lished  that  there  were  two  distinct  varieties;  namely,  louseborne  epidemic 
typhus  and  flealiorne  murine  typhus.  In  the  al)sence  of  epidemiological 
evidence  incriminating  either  lice  or  Heas,  however,  the  position  of  Brill’s 
disease  remained  uncertain  until  Zin.sser  offered  an  explanation  in  1934.  On 
epidemiological  ground.s,  Zins.ser  {xistulated  that  Brill’s  disease  resulted 
from  recriules<-ence  of  an  old  typhus  infection  which  had  been  acquired  in 
Eui*o|)e.  This  theory  was  further  sup|M)rted  by  the  fact  that  three  strains  of 
rickettsiae  which  he  and  Castaneda  had  recovered  from  patients  with  Brill's 
disease  gjive  biological  reactions  similar  to  those  induced  by  A*,  pron'azehi. 

EPIDEMIOLOGY 

Brill’s  disease  occurs  sporadically  and  infrequently  among  individuals 
who  have  previously  had  epidemic  typhus  fever.  The  original  infection 
may  have  l)een  acquired  from  a  few  years  to  as  long  as  50  years  or  more 
in  the  past.  Subjects  who  continue  to  live  in  typhus  /.ones  may  serve  as 
the  interepidemic  reservoir  of  epidemic  typhus  fever. On  the  other  hand, 
Brill's  disease  in  individuals  who  have  migrated  to  nontyphus  areas  pre¬ 
sents  no  epidemic  problem.  The  incidence  of  Brill’s  disease  is  not  known, 
but  it  is  very  small  in  pro[>ortion  to  the  total  number  of  cases  of  epidemic 
typhus  fever. 

CLINICAL  PICTURE 

The  typical  case  resembles  a  mild  to  moderately  severe  attack  of  epi¬ 
demic  typhus  fever  as  described  in  the  2)receding  section.  All  of  Brill's 
original  cases  exhibited  a  rash,  as  it  was  a  required  feature  for  diagnosis. 
It  is  now  recognized,  however,  that  many  mild  cases  occur  without  an  enq)- 
tion  at  any  time  during  the  course  of  illness. 

The  febrile  course  varies  from  a  few  days  in  mild  cases  to  2  weeks  or 
more  in  severe  attacks.  If  an  eruption  is  present,  it  may  be  sparse  and 
evanescent  or  it  may  be  moderately  extensive.  Headache  and  malaise  per¬ 
sist  until  the  fever  subsides.  The  mortality  is  low,  possibly  1  or  2  percent. 
The  great  majority  of  patients  have  a  prompt  convalescence  and  complica¬ 
tions  are  rare. 

DIAGNOSIS 

The  clinical  diagnosis  of  Brill’s  disease  may  be  made  in  a  jjatient  who 
has  lived  at  some  previous  time  in  an  epidemic  typhus  area  and  whose  illness 
is  characterized  by  fever,  intense  headache,  and  a  maculopapular  rash  ap- 

In  thi«  connertion,  it  has  b<‘en  shown  that  lice  fed  upon  patients  during  the  first  week  of  Brill's 
disease  become  readil.v  Infected  with  R.  prottazeki  and,  therefore,  could  initiate  an  epidemic  under 
suitable  conditions  (Murray,  E,  S.,  and  Snyder,  J.  C. :  Brill's  Disease,  II.  Etiology.  Am.  J.  Hyg.  5.3: 
22-32,  January  1951). 
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penring  on  the  fourth  to  sixtli  day  of  disease.  In  eases  without  a  rasli,  the 
remaining  criteria  should  lead  to  the  consideration  of  Brill's  disea.se  in  the 
differential  diagnosis. 

From  the  foregoing,  it  is  evident  that  the  specific  diagnosis  of  Brill's 
disea.se  must  rest  on  other  than  clinical  findings  alone.  In  this  area,  Col. 
Harry  Plotz,  MC,  nuide  a  highly  significant  contribution  during  "World 
War  II, demonstrating  that  complement  fixation  tests  wdth  purified  rick¬ 
ettsial  antigens  could  be  applied  to  the  s|)ecific  diagnosis  of  epidemic  typhus 
and  murine  typhus.  The  following  serological  evidejice  substantiates  this 
point  of  view: 

la  23  cases  of  nrill's  disease  exaiuiiie<l  all  sho\v«l  a  positive  (‘oinplenient  fixation  with 
an  epidemic  rickettsial  antigen.  In  10  cases  there  was  fixation  with  an  epidemic  rick¬ 
ettsial  antigen  and  no  fixation  with  an  endemic  rickettsial  antigen.  In  13  cases  there  was 
some  cross-fixation  but  in  all  Instances  where  this  occurretl  the  titer  oittaineil  was  higher 
with  epidemic  iintigen.  The  laittern  of  tixati<m  in  this  disease  resemides  that  ohtaine<l 
in  epidemic  typhus  fever. 

.Vhsorptl<m  tests  were  perf(»rme«t  on  speidmens  of  serum  from  Hrill's  disease  where 
cross-fixation  had  o<Turr*Hl.  An  endemic  rickettsial  antigen  remove*!  all  the  endemic  anti- 
boily  with  slight  effect  upon  the  titer  of  epidemic  antllMMly.  On  the  other  hand,  a  similar 
treatment  of  the  stwum  with  an  epidemic  rickettsial  antigeit  resnite*!  in  the  removal  of 
iMdh  the  epidemic  and  etulemic  antiluxly;  no  selectivity  of  ahsorption  was  observe*!.  These 
results  wouhl  in*licate  that  tlie  en*leudc  rickettsial  antigen  pjittern  was  *lifrerent  fr*>m 
that  of  the  antigtmic  pattern  of  the  epidemic  strain.  The  rem*)val  un.selectively  *>f  Iwth 
endemic  ami  epi*lemic  antih<Kli*‘s  by  the  epidemic  antigen  sngg«*sts  that  the  latter  may 
l)e  a  more  complete  *»r  c<»mplex  antigtm  than  the  emiemic  antigen. 

The  results  oidained  in  Itrill’s  diseast'  are  highly  sigtiittcaitt  for  the  epidemi*dogy  *>f 
typhus  fever.  They  w*»uld  indicate  that  mlUl  cases  «*f  epidemic  tyi>hus  actually  exist  in 
the  Uniteil  States.  The  *lis*'ase  is  u*»t  transmitte*!  fr*>m  person  to  jterson  in  this  country 
simply  l)ecause  the  l*>us*‘  vwtor  is  n*»t  present.  Furthermore,  these  results  in*licate  that 
one  attack  of  typhus  *l*»es  not  c«infer  a  lifehmg  immunity  as  is  generally  l)elieve<l.  The 
virus  is  jirohahly  harh*»re<l  in  the  Iwdy  and  when  the  resistance  is  lowered  the  virus 
multiplies  ami  imluc»?s  a  mil*l  attack.  If  these  cases  shoul*l  occur  In  a  lou.se-infested 
community  the  *lisease  might  readily  .sprea«l  fr*»m  pers*»n  to  iierson.  The  ob-servations  on 
Brill’s  disease  .strongly  suggest  that  man  serv<*s  as  the  reserv*>ir  f*)r  epidemic  typhus 
between  *>utbreaks  just  as  the  rat  does  in  emiemic  typhus. 

Plotz  further  stated:  “The  complement  fixation  test  now  provides  a 
tool  with  which  surveys  of  the  prevailing  types  of  typhus  in  a  region  can 
be  determined.”*' 

Thus,  recrudescence  of  rickettsial  activity  occurs  unpredictably  in  a 
small  percentage  of  persons  who  have  had  epidemic  typhus  fever.  The  fac¬ 
tors  which  give  rise  to  this  phenomenon  are  not  known,  so  that  the  specific 

*0  Plotz,  H:  Complenn-nt  Fi.xiiUon  In  Rickettsial  Disenw's.  Science  97:  20  21,  1  Jan.  lOl.t. 

It  should  be  noted  that  while  agglutinins  for  8UH|>ensionH  of  Proteu*  OX-19  develop  almost 
uniformly  daring  initial  attacks  of  epidemic  typhus  fever,  a  similar  response  Is  often  lacking  during 
the  r*vnide8cent  disease  (Murray.  K.  S.,  PSorn,  T..  OjakoviO,  P.,  Sielski,  S..  Itror.  V.,  biupsa,  F., 
Gaon.  J..  Pavlevl*?,  R.,  and  Snyder.  .1.  C. :  Brill’s  nisease.  IV.  Study  or  2*5  Cu.ses  In  Yugoslavia. 
.\iii.  J.  Pub.  Health  41:  l.’{."i9-1.1«9,  November  (Pt.  1)  1951).  This  is  comimrable  to  the  Protcm 
OX-K  findings  in  second  attacks  of  scrub  typhus. 
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prevention  of  Brill's  disease  is  not  feaisible  at  this  time.  Fortunately,  other 
measures  kept  the  incidenee  of  epidemic  typluis  fever  in  our  troops  to  a 
minimal  level  and,  thereby,  reducetl  the  likelihooti  of  Brill’s  disease  in  them 
to  zero.  The  importance  of  Brill's  disease  to  the  V.S.  Army  Medical  Service, 
therefore,  lies  in  its  epidemiological  implications  among  civilians  in  oversea 
ai'eas  where  our  forces  may  be  stationed. 


Part  III.  Endemic  (Murine)  Typhus 

Endemic  or  murine  typhus  is  an  acute  febrile  illness  caused  by  infection 
with  R.  nwonerl  (syn.  RieketixM  typhi)  transmitteil  to  man  by  rat  fleas. 
Many  of  the  terms  applied  to  louseborne  typhus  have  also  been  used  in  the 
past  in  referring  to  cases  of  endemic  typhus,  ('linically.  the  disease  is  simi¬ 
lar  to  epidemic  typhus,  but  it  usually  runs  a  milder  course. 

Probably  the  til's!  clinical  description  was  written  in  191.’!  by  Panllin 
who  re<*ognized  a  mild  form  of  typhus  fever  occurring  in  Atlanta,  Ga.  The 
recognition  of  murine  or  endemic  typhus  as  a  separate  entity  from  epidemic 
typhus  fever  and  Brill's  disease,  however,  was  not  made  until  some  years 
later.  An  important  advance  was  made  by  Neill  in  1917.  He  noted  that 
scrotal  swelling  was  pro<luced  in  male  guinea  pigs  by  the  intraperitoneal 
injection  of  blood  obtained  from  cases  of  typhus  fever  in  Texas.  Mooser 
extended  observations  along  this  line  in  1928  and  emphasized  that  this 
biological  reaction  was  characteristic  for  a  Mexican  strain  of  typhus.**  In 
contrast,  st'rotal  swelling  was  not  a  feature  in  guinea  pigs  infected  with 
strains  of  classical  or  louseborne  typhus  rickettsiae.  Meanwhile,  Maxcy  and 
Havens  comlucted  extensive  epidemiological  studies  on  the  typhus  cases 
which  occurred  in  the  Southern  and  Southeastern  United  States.  On  the 
basis  of  these  investigations,  Maxcy,  in  1926,  j)ostulated  a  roilent  reservoir 
for  this  form  of  typhus,  ami  suggested  that  transmission  of  the  disease  to 
man  was  accomplished  by  fleas.*'’  This  theory  was  confirmed  in  1931  by 
Dyer  and  his  associates  who  isolated  the  causative  micro-organism  from 
rat  fleas  obtained  at  a  typhus  focus  in  Baltimore,  Md.*^ 

EPIDEMIOLOGY 

Murine  typhus  occurs  as  a  natural  infection  of  rats  and  certain  other 
ro<lents  in  many  parts  of  the  world.  The  infection  appears  to  l)e  transmitted 


f3  Moom>r,  II.:  Kx|M>rlnipntM  R«*lattnR  to  TatholoRy  and  RtUiIoR.r  of  Moxtcan  T.r|thiia  (Tabardlllo). 
I.  Clinical  Courae  and  I'athoioRic  .Anatomy  of  Tabardlllo  in  Oiiliica  I’Irh.  J.  Infect.  Oia.  43 :  'J41  2tl0, 
September  1028. 

*3  Maxcy,  K.  F.  :  An  EpIdcmioloRical  Study  of  Kndemir  Typhiia  (Brill's  DtHeaae)  In  the  Soiith- 
eaatern  United  Statea.  I'lib.  Health  Rep.  41  :  20R7  2003.  24  Dec.  102tt. 

M  Dyer,  R.  E.,  Riimrelch.  A.,  and  BadRer,  I,.  F. :  Typhiia  Fever ;  A  Vlriia  of  the  Typhus  Tyi*e 
Derived  From  Fleaa  Collected  From  Wild  Rata.  IMih.  Health  Rep.  40:  3.‘14-.'in8,  13  Feb.  1031. 


TYPHUS  FEVERS 


205 


among  rodents  by  fleas,  lice,  and  mites.  The  rat  flea,  Xenopsylla  cheopis^ 
is  the  principal  vector  involved  in  human  infections.  The  causative  micro¬ 
organism,  R.  vwoHei'l,  may  persist  for  long  periods  of  time  in  the  brain 
tissues  of  reservoir  hosts.  Similarly,  it  has  been  shown  that  once  fleas  have 
become  infected,  their  feces  may  contain  rickettsiae  for  at  least  52  days  and 
presumably  for  the  remainder  of  their  lives.  Rickettsiae  present  in  dry  flea 
feces  may  remain  infectious  for  long  periods  of  time. 

Human  infections  are  acquired  through  the  rubbing  of  infected  feces 
into  the  fleabite  wound  or  into  an  abrasion  from  scratching.  Infection  may 
also  result  from  ingestion  of  food  contaminated  by  infected  flea  feces  or  rat 
urine  and  from  contamination  of  the  oral  or  nasal  mucosa  with  these 
excreta. 

Cases  of  murine  typhus  occur  sporadically  throughout  the  world.  In 
the  United  States,  about  97  percent  of  the  cases  have  been  reported  from 
Alabama,  Georgia,  Florida,  Louisiana,  Mississippi,  North  Carolina,  South 
Carolina,  Tennessee,  and  Texas  (fig.  33).*®  Other  foci  of  importance  are 
the  New  York  City  area,  N.Y.,  I..0S  Angeles  County,  Calif.,  Norfolk  area, 
Va.,  and  Pulaski  County,  Ark.  Murine  typhus  is  encountered  in  port  cities 
and  in  rural  areas  south  of  33°  N.  latitude.  Below  this  line,  the  long  warm 
season  and  field  storage  of  crops  permit  rats  to  live  and  multiply  outdoors 
throughout  most  of  the  year,  thereby  enhancing  the  epidemiological  poten¬ 
tial  for  this  disease.  Although  approximately  300  cases  were  reported  in 
the  United  States  in  1931,  the  number  later  increased  greatly  and  reached 
a  peak  of  5,3.53  in  1944  (chart  11). 

CLINICAL  EXPERIENCE 

Murine  or  endemic  typhus  was  not  an  item  of  diagnosis  in  the  U.S. 
Army  medical  statistics  until  1940;  all  forms  of  typhus  were  included  in  a 
single  figure  prior  to  that  time.  From  a  practical  standpoint,  therefore,  the 
experience  of  the  U.S.  Army  Medical  Department  with  murine  typhus  did 
not  become  meaningful  until  1940  and  thereafter. 

During  World  War  II,  there  were  787  cases  of  murine  typhus  in  the 
U.S.  Army  (table  28).  Fifteen  fatalities  were  attributed  to  this  infection. 
It  is  surprising  that  U.S.  Army  troops  experienced  a  much  greater  incidence 
of  fleaborne  typhus  than  of  the  louseborne  disease.  Bayne-Jones  has  dis¬ 
cussed  in  detail  the  basis  for  the  less  effective  control  measures  of  murine 
typhus  during  the  period  under  review.** 

Brn«U«»y.  G^orse  H.,  nnrt  WUpy,  .Tohn  S. :  The  Controi  of  M\irlne  Typhus  In  the  TJnUed  States. 
In  RIcKettsIal  Diseases  of  Man.  Washington  :  .\iiiericnn  Association  for  the  Adranoement  of  Science. 
1848.  pp.  229-240. 

86  See  footnote  4,  p.  144. 


^  1943-45  W 

FiOfRK  33. — Counties  in  11  Southern  States  reporting  cases  of  endemic  typhus  fever,  1022-39  and  1043-4r».  (Repro- 
dut*e«l  l)y  i»ernil.s8ion  of  tlie  American  Association  for  the  Advancement  of  Science.) 
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Chakt  11. — Total  reitortcd  caseg  of  murine  (fleaborne)  typhus 
in  the  United  States,  IPil-iS 


NUMICR 


Source :  Bradley,  Georije  H.,  and  Wiley,  John  S. :  The  Control  of 
Murine  Typhu*  In  the  United  States.  In  Rickettsial  Diseases  of  Man. 
Washln{;ton  ;  American  Association  for  the  Advancement  of  Science, 
1918.  pp.  229-240. 


Table  28. —  Incidence  of  endemic  typhus  fever  (fleaborne)  in  the  U.S.  Army,  by  area  and  year, 


[Preliminary  data  based  on  sample  tubuiatiuns  of  Uidividual  medical  records) 
(Rate  expressed  as  number  of  cases  per  annum  per  1,000  average  strength] 


1942-45 

1942 

1943 

1944 

1945 

Area 

Number 

Rate 

Number 

Rate 

Number 

Rate 

Number 

Rate  j 

Numlwr 

Rate 

of  cases 

of  cases 

of  cases  ' 

of  cases 

of  rases  I 

Continental  United  States . 

497 

0.03 

72 

0.03 

m 

100 

0.08 

Overseas: 

HI 

1 

5 

0.00 

0.00 

5 

0.00 

nxoj 

12 

.01 

8 

.02 

4 

.01 

0 

Middle  East  -  - 

9 

.06 

1 

.02 

8 

.17 

0 

Ctaina-Bumia*India . 

34 

.08 

7 

.18 

12 

.07 

15 

.07 

Southwest  Pacific . - . 

87 

.05 

10 

39 

.21 

33 

.06 

5 

0 

Central  and  South  Pacific _ 

123 

.10 

13 

.09 

65 

.22 

35 

.08 

10 

.03 

1 

0 

0 

0 

1 

.01 

0 

Latin  America . 

18 

.05 

3 

.03 

1 

.01 

4 

.05 

10 

.14 

Total  overseas  * . 

290 

0.03 

26 

D 

122 

0.07 

102 

0.03 

40 

0.01 

Total  Army- . . . 

787 

0.03 

96 

0.03 

287 

1 

0.04 

1 

262 

0.03 

140 

0.02 

<  Includes  North  Africa. 

>  Includes  Alaska  and  Iceland. 

>  Includes  one  admission  aboard  transport  in  1943. 
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Despite  llie  relatively  hi^jh  ineiilence  of  entleinic  typhus,  the  sporadic 
and  unpredictable  occurrence  of  cases  generally  prevented  clinical  studies 
by  Medical  Department  {jersonnel.  A  few  observations  wei’e  made,  however, 
which  merit  record.  One  of  these  was  an  investigation  in  Jamaica, 
carried  out  by  Plotz,  WcKxlward,  Philip,  liennett,  and  Kvans.*^  Since  Ja¬ 
maica  had  become  a  military  i>ase  for  l*.S.  forces  as  a  res.dt  of  the  lend- 
lease  agi-eement  of  IIHU,  the  pivstM'.ce  on  this  island  of  typhus  in  any  form 
was  a  matter  of  concern  to  the  Medical  Di'partment  of  the  Army.  The 
Hrst  case  of  typhus  to  be  recordeil  in  Jamaica  was  observetl  by  Captain 
WiKidward  in  Decemlier  1!)41.  The  patient  was  a  native  lalMirer  who  com¬ 
plained  of  fever,  headache,  and  generalized  pains  on  admission  to  the  Army 
hospital,  fie  was  moderately  toxic  and.  aside  from  conjunctival  injection 
and  a  few  rales  at  the  base  of  the  lungs,  there  wei^e  no  other  Hndings.  The 
temjierut  ui'e  ranged  from  100°  to  10;)°  F.  foi  14  days  and  fell  by  lysis.  In 
spite  of  careful  search,  no  rash  was  observed.  His  skin  was  cafe  an  lait  in 
color,  and  a  slight  ra.sh  may  have  lieen  mis.se<l.  The  Weil-Felix  OX-10 
agglutinution  titer  was  1:500  on  the  8th  day  of  illness,  1:  1,000  on  the  Oth 
day,  and  1 :  on  the  12th  day.  ('omplement  fixation  tests  indicated  that 

this  patient  had  murine  typhus.  This  case  <lirected  attention  to  the  likely 
presence  o?  murine  typhus  on  the  island  and  led  to  the  investigation.  Al¬ 
though  68  cases  of  the  disease  weiv  diagnosed,  only  33  of  these  were  seen 
in  the  hospitals  at  Kingston.  The  clinical  and  laboratory  findings  in  this 
group  were  summarized  as  follows: 

The  onset  is  usuall.v  sudden  with  .wvere  headache.  Reneralize*!  pains,  and  temperature 
which  is  maintained  for  about  14  days  when  it  falls  by  rapid  lysis.  Rash  was  only  seen 
In  7  case.s.  In  these  ca.ses  the  rash  was  inacuiupapular  in  character.  No  rash  was 
observefl  in  26  cases  but  may  liave  l)een  masked  in  some  instances  by  the  dark  skin  of 
the  natives.  However,  some  patients,  who  were  carefully  observetl,  showetl  no  rash,  and 
hence  the  possibility  of  typhus  occurring  without  an  eruption  must  be  consideretl. 

All  of  the  cases  had  a  Weil-Felix  (OX-19)  agglutination,  ranging  from  1 :  "rfH)  to 
1 :  5,000;  In  most  of  them  a  rising  agglutination  titer  was  observinl.  Specimens  of  serum  ex¬ 
amined  for  complement  fixing  antibodies  were  positive  a>t  least  late  in  all  ca.ses.  In  the  sera  of 
most  patients,  complement  fixing  antlbwlies  were  present  which  reacteil  with  an  endemic 
rickettsial  antigen  but  not  with  an  epidemic  rickettsial  antigen.  In  a  few  cases,  con¬ 
valescent  sera  had  relatively  large  amounts  of  complement  tixing  antibody  against  an 
endemic  antigen  and  small  amounts  against  an  epidemic  antigen. 

This  study  was  particularly  important  in  that  it  proved  that  endemic 
typhus  was  indigenous  to  Jamaica  and  had  not  been  introdticed  by  I’.S. 
Army  engineer  troops  in  15)41,  as  bail  l)eeti  rumored  in  .some  <iuarters. 

A  number  of  workers  hat’  voiced  suspicion  that  murine  typhus  was 
present  in  the  Philippine  Islands.  It  remained  for  Woodward,  Philij),  and 

*T  Plot*,  ir..  Woodward,  T.  E.,  Philip.  C.  B..  B<>nm>tt.  B.  L.,  niid  Evans,  K.  L. :  Endomic  Tjidius 
Fever  In  Jamaica,  B.W.I.  Am.  J.  Pub.  Health  3.3 :  S12-814,  July  194.3. 
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Loranger  to  establish  its  endemicity  there  during  the  latter  part  of  World 
War  II.  The  following  case  was  recorded  in  their  reix)rt : 

On  23  April  IIM."),  an  American  solilier  became  suddenly  ill  with  a  headache  and  chill 
soon  followed  by  fever,  general  malaise,  nausea,  and  vomiting.  At  this  time  and  for  the 

3  previous  weeks  he  was  billeted  in  a  large  warehouse  in  San  Juan  del  Monte,  a  township 
bordering  the  outskirts  of  Manila,  Philippine  Island.^.  Rats  (Rattua  norvegicua)  had 
been  seen  and  subsequently  trapped  in  this  structure  which  is  situated  in  close  proximity 
to  native  dwellings.  Social  contact  in  the  latter  was  not  denied. 

Until  26  April  when  the  patient  was  admitted  to  the  5th  Field  Hospital,  the  fever, 
headache,  and  general  malaise  continued.  These  were  the  presenting  symptoms  with  the 
physical  examination  at  this  time  essentially  negative.  The  subsequent  2  Aveeks’  febrile 
course  was  of  a  remittent  nature  ranging  from  99.4®  to  104.4°  P.  On  the  15th  day  the 
temperature  was  normal  and  remained  so  except  for  minimal  sporadic  elevations  to 
99.4°  F.  Chills,  headache,  pains  in  the  chest,  abdomen,  and  lower  back  were  the  predomi¬ 
nant  symptoms  during  the  first  week  of  illness  until  the  sixth  day,  when  irregular,  brown¬ 
ish-pink  macular  lesions  appeared  on  the  chest,  shoulders,  and  abdomen.  These  lesions 
became  more  intense  and  within  24  hours  had  spread  to  include  the  lower  extremities  and 
feet  at  which  time  the  individual  macule  was  fixed  on  digital  pressure.  Remnants  of  the 
petechial-like  lesions  were  observed  until  the  15th  day  of  illness  when  a  biopsy  of  one  of 
the  fading  macules  was  performed.  Other  than  faint  pigmented  spots,  there  was  no  evi¬ 
dence  of  the  skin  manifestations  after  the  20th  day. 

During  the  early  phases  of  the  second  week  the  temperature  was  high,  the  patient 
was  moderately  toxic  with  moderate  weakness  and  prostration.  The  severest  phase  lasted 

4  days  until  the  ninth  day  when  he  was  symptomatically  much  improved.  Moderate 
lymphatic  glandular  enlargement  was  observed.  There  were  no  lesions  whatever  sug¬ 
gestive  of  a  primary  eschar.  A  slight  cough  with  fleeting  pulmonary  rales  was  not  re¬ 
markable.  Delirium  and  severe  central  nervous  system  findings  were  not  observed.  By 
the  13th  to  15th  day  all  outward  signs  of  weakness  and  prostration  had  disappeared  and 
the  patient  became  steadily  stronger. 

The  treatment,  entirely  symptomatic,  included  parenteral  physiological  .saline  and 
glucose  solutions,  small  blood  transfusions,  supplemental  iron,  calcium,  and  vitamins. 

Laboratory  flndinga. — Repeated  examinations  of  blood  smears  for  malaria  parasites 
were  negative.  Urinalyses  were  within  normal  limits.  Numerous  blood  counts  on  27,  28, 
and  29  April,  3,  4,  6,  and  19  May  were  normal  with  the  white  count  ranging  from  5,500 
to  7,900,  and  normal  differential  counts.  Red  blood  cells  ranged  from  3.8  to  4.5  millions. 
Stool  examinations  were  noncontributory.  Agglutination  with  the  O  and  H  antigens  of 
typhoid  and  the  A  and  B  antigens  of  paratyphoid  fever  were  negative  and  two  .spaced 
blood  cultures  showed  no  growth.  Diagnosis  Avas  established  by  the  serial  examinations 
of  repeated  blood  specimens  as  shoAvn  in  table  29. 

Comment. — The  clinical  features  of  continued  pyrexia  for  2  Aveeks  with  headaches, 
absence  of  marked  central  nervous  system  manifestations,  and  the  appearance  of  a  macular 
body  rash  on  the  sixth  febrile  day  (Avlthout  primary  eschar)  are  strongly  suggestive 
findings  of  murine  typhus  fever.  A  biop.sy  of  one  of  the  late  skin  lesions  demonstrates 
the  capillary  changes  and  perivascular  accumulation  of  cells  so  frequently  observed  in 
rickettsial  diseases  collectiA'ely.  The  serological  findings  are  unquestionably  significant. 
The  patient  developed  increasing  titers  of  Proteua  OX-19  agglutinins,  as  shoAvn  by  tests 
performed  employing  suitable  control  serums.  Agglutinins  for  Proteua  OX-K  did  not 
appear.  More  significantly,  complement  fixation  on  serial  specimens  of  serums  using 

88  AVoodward,  T.  E.,  Philip,  C.  B.,  and  Loranger,  G.  L. ;  Endemic  Typhus  in  Manila,  Philippine 
Islands ;  Report  of  Cases  and  the  Identification  of  Murine  Rickettsial  .Agent  in  Domestic  Rats  by 
Complement  Fixation.  J.  Infect.  Dis.  78:  167-172.  Marcfa-April  1946. 
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piirirttMl  imiriiu‘  (yolk-sac  culture)  rickettsiae  as  aiitiKeii  clearly  (leiuonstrale<l  autilxMlles 
of  sutticieiit  «liasuostlc  titer  (table  29).  The  low  titer  of  1 : »!  tisiiig  an  »*ituleiuic  typhus 
untlKeii  is  within  the  normal  ran^je  of  cross  fixation  fr»Hjuently  ohserveil  when  these  two 
ch>s**ly  relattMl  antigens  are  employed  to  detect  antibodies  in  the  serum  of  the  typhus 
{uitient.  Studies  by  I'lotz  and  his  colhiltorators,  bjistsl  on  the  use  of  purifietl  antigens, 
have  clarifitHl  the  serological  patterns  in  epidemic  and  murine  typhus  fevers. 


Tabi.k  29. —  Serological  ithiilies  on  an  American  sohlier  trilh  murine  igphuii 


Day  of  illiu'ss 


7th _ 

Kith . . 

l‘)th _ 

24  th.. . 

31sl . 


rotens  OX-19 

.Vggititinutiun 

0.\-K 

ro.’iiplemeiil  fixilion 

Murine  Epidemic 

0 

1 : 2.560 

0 

1 : 2.560 

0 

1:3S4 

1:6 

1 : 2,560 

0 

1 : 96 

1:6 

l:l,2S0 

0 

1 : 96  ; 

i 

0 

Soiiriv:  Womlwiird.  T.  E.,  Philip,  C.  B.,  and  LoranKor,  <1.  I,.:  Endomif  Typhu.t  in  Maiiiia.  IMiilippino  Islanus, 
Hoiwrl  of  Ciu«-siui(l  Idontiflcatlonoftlte  Muriiir  Rlckottsial  -Agpiilln  Domi'sliv  Kat.sby  CompItMiicnt  Kiwition.  J.  Infpct. 
Dis,  7S:  Iti7-17-.'.  Man'.i-Aprii  194fi. 


Woodward  and  Ids  coworkers  noted  two  other  cases  which  occurred  in 
Manila,  and  another  which  orijjinated  on  Mindanao.  In  addition,  they  found 
that  18  percent  of  rats  trapped  in  Maid  la  ffave  evidence  of  endemic  typhus 
infection  its  detected  by  complement  fixation  tests  with  purified  rickettsial 
antifiens. 

Woodward  also  observed  murine  typhus  in  Morocco.*®  There,  Dr. 
(ieor<res  Blanc  of  the  Pasteur  Institute  undertook  to  determine  the  efficacy 
of  a  livinjr  murine  typhus  vaccine  in  human  volunteers.  This  study  {rave 
Woodward  an  opportunity  to  follow  closely  the  incubation  period  and  clin¬ 
ical  course  of  endemic  typhus.  Althou{rh  no  clinical  report  was  issued,  the 
pertinent  observations  made  at  that  time  were  incorporated  in  his  later 
description  of  the  disease.®® 

Murine  typhus  was  encountered  by  other  U.S.  Army  medical  officers, 
but  no  series  of  cases  was  reported  as  a  clinical  study.  Scoville,  Bennett, 
Wertman,  and  Gauld,®*  for  example,  obtained  data  on  15  cases  which  oc¬ 
curred  in  Xashville,  Tenn.,  during  September  1944,  focusing  upon  serological 
aspects  of  the  disease.  Similarly,  Plotz  and  Wertman  ®“  described  12  cases 


I.ptter.  Capt.  Thoodore  E.  Woodward.  MC.  to  Director,  U.S.A.  Typhua  Comnilaalon,  14  Dec. 
1»4:!.  Hubj«><-t ;  Report  of  Human  Typhus  Fever  Vaccine  Experiment. 

no  Woodward,  Theodore  E. :  Endemic  (Murine)  Typhus  Fever:  Symptomatology.  In  Rickettsial 
Diseases  of  Man.  Washington :  American  .Association  for  the  Advancement  of  Science,  1948,  pp. 
IS4-1.18. 

ni  acovllle,  A.  J..  .Tr.,  Bennett,  B.  D.,  Wertman.  K..  and  Gaiild,  R.  L. :  The  Serological  Pattern 
in  Typhus  Fever.  II.  Murine.  Am.  J.  Hyg.  47  :  166-176,  March  1948. 

ns  Plotz,  H.,  and  Wertman,  K. :  Modification  of  Serological  Response  to  Infection  With  Murine 
Typhus  by  Previous  Immunization  With  Epidemic  Typhus  Vaccine.  Proc.  Soc.  Exper.  Biol.  A  Med. 
.'(f);  248-251,  June  194,5. 
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of  murine  typhus  contracted  after  immunization  with  epidemic  typhus  vac¬ 
cine  (table  30),  again  with  the  emphasis  on  the  serological  findings,  which 
are  to  be  discussed. 


Table  SO.—Seroloffical  results  found  in  individuals  who  were  previously  immunized  with 
epidemic  typhus  vaccine  and  who  subsequently  contracted  murine  typhus 


Serological  results 

Day 

of 

Typhus 

Complement 

Rickettsial 

Weil-Felix ' 

Date  of 

Where 

Severity  of 

Case 

dis- 

vaccine 

flmtion 

agglutination 

onset 

infected 

infection 

ease 

Epi- 

Mu- 

Epi- 

Mu- 

OX-19 

OX-2 

demic 

Fine 

demic 

rine 

A . 

59 

•November 

1,280 

320 

80 

640 

80 

80 

1  Jan.  1944 

Waycross,  Oa 

Moderately 

10 

1943. 

1,280 

320 

160 

1.280 

0 

0 

severe. 

21 

September 

640 

320 

80 

1,280 

2.  .560 

0 

S . 

42 

320 

320 

80 

640 

640 

0 

20  Nov.  1944 

Fort  Bcnning, 

Do. 

58 

1942. 

ICO 

160 

80 

320 

640 

0 

(la. 

Si _ 

27 

159 

27  May  1944. 

A/C 

320 

A/C 

160 

2,560 

320 

10.240 

2,560 

160 

160 

40 

40 

19  July  1944 

Louisiana - 

Severe. 

p . 

22 

September 

1,280 

640 

320 

640 

160 

0 

17  Dec.  1944 

Camp  Gordon, 
Oa. 

Do. 

50 

1944. 

1,280 

640 

320 

320 

0 

0 

18 

160 

40 

5,120 

10. 240 

640 

0 

B . 

21 

November 

160 

160 

5. 120 

10,240 

320 

0 

23  Nov.  1944 

Camp  Shanks, 
N.Y. 

Moderately 

2fi 

1941. 

160 

160 

5, 120 

10,240 

0 

0 

severe. 

31 

160 

160 

5,120 

10, 240 

0 

0 

18 

70 

.August  1944. 

640 

320 

160 

160 

5, 120 
160 

10,240 

1,280 

1,280 

160 

0 

0 

25  Nov.  1944 

Birmingham, 

Ala. 

Do. 

38 

October 

80 

80 

1,280 

5,120 

640 

40 

24  Oct.  1944 

Tampa,  Fla... 

Mild. 

1944. 

30 

September 

160 

80 

5,120 

10,240 

80 

0 

18  Sept. 

Camp  Miles 

Do. 

1944. 

1944. 

Standish, 

Mass. 

Ba 

15 

December 

80 

10 

1.280 

5,120 

640 

320 

15  Dec.  1944 

Robins  Field, 

Do. 

1944. 

Ga. 

F  ..  .. 

(January 

1  ^ 

80 

640 

.5,120 

640 

0 

1  2  Jan.  1945 

.Austin,  Tex... 

Moderately 

1  55 

1  1944. 

1  80 

40 

160 

2.560 

1.280 

40 

severe. 

T . 

45 

July  1944.... 

1,280 

640 

1,280 

5, 120 

1,280 

160 

14  Jan.  1945 

San  Antonio, 

Mild. 

Tex. 

14 

320 

320 

160 

640 

160 

0 

33 

August  1943. 

A/C 

A/C 

1,280 

2.560 

160 

40 

Com. . 

24 

Recall  dose.. 

320 

320 

1,280 

5. 120 

80 

12  July  1944 

Hunter  Field, 

Do. 

30 

May  1944.. 

320 

160 

320 

2.  .560 

40 

Ga. 

37 

320 

160 

320 

2.560 

0 

0 

■  Cases  S,  P,  B,  Ba,  and  T  showed  a  rise  in  OX-19  titer  when  serum  specimens  were  examined  during  the  febrile 
period  and  early  convalescence  while  the  other  cases  showed  high  titers.  These  examinations  were  made  in  the  hospitals 
where  the  patients  were  treated.  It  should  be  observed  that  the  specimens  which  were  available  for  this  study  were 
frequently  obtained  late  in  convalescence. 

Source;  Plot/.,  11.,  and  Wertman,  K.:  Modification  of  Serological  Response  to  Infection  With  Murine  Typhus  by 
Previous  Immunization  With  Epidemic  Typhus  Vaccine.  Proc.  Soc.  Exper.  Biol.  &  Med.  59:  248-251,  Jime  1945. 


Zarafonetis  reported  the  epidemiological,  clinical,  and  laboratory  find¬ 
ings  in  two  U.S.  Army  enlisted  men  who  w'ere  stationed  in  Dakar,  French 


03  Letter,  Capt.  Chris  Zarafonetis,  MC,  U.S.A.  Typhus  Commission,  to  Chief  Surgeon,  0.8.  Army 
Forces  in  the  Middle  East,  through  Brig.  Gen.  Leon  A.  Fox,  Field  Director,  U.S.A.  Typhus  Commis¬ 
sion,  10  Aug.  1944,  subject :  Report  of  Typhus  Situation  in  Dakar. 
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AV  e,st  Africa,  at  the  time  of  tlteir  illiiessj.  llrief  summaries  of  tlieir  case  his¬ 
tories  follow. 

A  «T-.vear-ohl  private  (cast>  1 1  was  aiiiuitteil  an  .■»  July  l'.>44  with  the  diagnosis  of 
acute  tonsillitis.  He  had  a  l-<lay  history  of  sore  throat  and  difllculty  in  swallowins,  and 
there  were  a-sswlattHl  complaints  of  joint  pains  and  achintr.  I’hysical  examination  was 
essentially  negative  exc-ept  for  evidence  of  tonsillar  involvement.  Tem|»eratiire  at  that 
time  was  Sltt.tl*’  F.  On  the  following  day,  the  patient  complained  of  u  headache  which  was 
not  relieve«l  by  aspirin  and  other  analgesics  and  which  i)ersisted  for  several  days  there¬ 
after.  On  !)  July  the  patient  experience*!  a  chill  and  complaineil  of  generalize*!  aching. 
His  temperature  reache*!  102.4°  F.,  which  was  the  maxinunn  attaine*!  during  his  h*».spi- 
talization.  From  9  July  until  24  July,  he  CJUttiniUM!  t*>  run  a  low-grade  fever.  At  no 
time  was  there  a  rash  evident.  Serum  taken  *»n  12  July  was  teste*!  at  the  1‘asteur  Insti¬ 
tute  at  I>akar  and  found  to  agglutinate  ProtcuH  OX-19  in  diluti*)n  of  1 : 200.  Serum  was 
t**ste*!  again  on  18  July  and  this  time  ngglutinat*'*!  OX-19  to  a  titer  of  1 :  l.OtX).  On  the 
basis  *>r  the  lah*iratory  findings  a  <liagn**sis  of  typhus  was  nnnle. 

The  second  case  was  that  of  a  23-y»‘ar-*»h!  T/o  (case  21  who  was  admitt«Hl  on  18  July 
witlt  c«>mplaint  of  severe  headache  am!  pain  in  the  **hest  for  24  hours  prior  to  »dmissi*)n. 
His  physical  examination  at  that  time  was  essentially  n*‘gative  ex*‘ept  for  an  a*!niission 
temperature  of  lOl.f!®  F.  On  25  July,  the  10th  day  i>f  dis«>ase.  a  fine  ma*'ular  rash  ap- 
I>eare*!  over  the  chest  and  arms. 

The  rash  had  practi«'all.v  <lisaptM‘ar«M!  l>.v  27  July.  Fever  ha<!  h*»en  present  continu¬ 
ously  for  15  days  liut  was  falling  towanl  normal  *)n  2tl  July.  His  **ours*'  had  l>e«*n  rehi- 
tively  mild  for  typhus. 

These  two  patients  were  believed  to  have  had  murine  typhus  principally 
on  the  basis  of  epidemiological  evidence,  I)nrien.\  and  other  French  workers 
had  concluded  from  e.xtensive  studies  of  typhus  in  French  West  Africa  that 
the  louseborne  form  of  this  disease  ditl  not  e.xist  there.  However,  some  200 
cases  of  relatively  mild  typhus  had  been  diajrnosed  <lurinjr  the  precedingr 
decade,  with  oidy  1  death  recorded.  'Phe  strains  of  rickettsiae  that  had  been 
isolate*!  from  some  of  these  cases  were  all  identified  as  A*,  mooxen.  At  the 
time  the  .Vmerican  .soldiers  contracted  their  illness,  two  other  cases,  both 
unrelated,  occurred  in  the  native  jmpulation.  Because  of  an  outbreak  of 
plajxue  in  Dakar,  both  soldiers  had  remained  within  their  military  establish¬ 
ments  for  over  a  month  prior  to  the  onset  of  their  illness.  An  intensive 
antirat  campaijrn  was  umlerway.  and  many  rats  were  known  to  have  been 
present  in  the  areas  where  these  soldiers  contracted  their  typhus.  Roth  pa¬ 
tients  were  aware  of  fre*iuent  fleabites  prior  to  their  illness  but  recalled  no 
contact  with  lice. 

On  this  evidence,  Zarafonetis  concluded  that  both  patients  had  murine 
typhus  and  were  of  particular  interest  as  instances  in  which  epidemic  typhus 
vaccination  had  l)een  followed  by  murine  typhus  infection.*^  The  results  of 
serolojxical  studies  in  these  two  cases  are  presented  in  table  31. 

The  forefroinfj  reports,  some  of  which  were  fragmentary,  contained  the 
principal  clinical  referen**es  ma*le  by  U.S.  Army  personnel  to  murine  typhus 
durinfr  World  War  II.  To  1h‘  sure,  many  individual  cases  were  observed  in 


»*  Spp  footnote  .15  (.H.  p.  18.'?. 
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Hawaii  *®  and  other  areas  to  which  U.S.  Army  troops  were  sent,®*  but  these 
were  not  the  subject  of  clinical  reports. 


Table  31. — Serological  findings  in  two  cases  of  probable  murine  typhus  fever  occurring  in 
vaccinated  individuals  at  Dakar,  French  West  Africa 


Case 

Amount 
of  Cox- 
type 
vaccine 

Last 

vaccinated 

Onset  of 
illness 

Da^s 

lever 

Days  of 
serum 
speci¬ 
men 
from 
onset 

Serological  &ndings 

Weil-Felix 

Complement  Oxatioii 

ox-19  > 

OX-2  ' 

Epidemic 

Murine 

9 

1 : 200 » . 

Not  done . 

Not  done 

Not  done. 

IS 

1:1,000* _ _ 

. .  .  .ilo  _ 

...do . 

Do. 

1.... 

U  June  1944 

S  July  1944 

24 

22 

1 : 1,280  P  1:2,5«0  .. 

1  :40  P  1:80.  .. 

1:512*.... 

1:256  (a) 

25 

1: 1,280  P  1:2,560  ... 

Xegative . 

1:512 . 

1:256 

30 

1: 1,280  P  1:2.560  ... 

. do . 

1:256*.... 

1:256  (a) 

1:320 . 

_ do . 

1:256 _ 

1:128 

12 

1:320P1:640 _ 

1 :40  P  1:80.... 

1:512*.... 

1:256  (l>) 

13 

1:640P1:1,280 . 

Negative . 

1:512 . 

1:256 

2.... 

6 

2  May  1944 

17  July  1944 

15 

17 

1 :640  P  1:1,280 . 

. do . 

1:1,024*.. 

1:256  (l>) 

34 

1:640  P  1:320 . 

. do . . 

1:512 _ 

1:256 

71 

1:40P1:80 . 

. do . 

1:256*.... 

1:64  (b) 

1  Well-Fellx  agglutination  titers  of  less  than  1 :  40  are  arbitrarily  considered  negative.  P  =  Partial 
agglutination.  Tests  with  OX-K  suspensions  were  negative. 

*  Performed  at  Pasteur  Institute,  French  West  Africa. 

‘Tests  on  these  specimens  at  the  Army  Medical  Department  Professional  Service  Schools,  Army 
Medical  Center,  Washington,  D.C.,  gave  titers  of  1 : 640  with  epidemic  antigen,  while  murine  antigen 
tests  yielded  titers  of  1 ;  320  for  the  specimens  followed  by  (a)  and  1 :  640  for  those  followed  by  (b). 

Source:  Modlded  from  Zarafonetis,  C.  J.  D.,  Ecke,  K.  S.,  Yeomans,  A.,  Murray,  E.  S.,  and  Snyder, 
.T.  C. :  Serologic  Studies  in  Typhus-Vaccinated  Individuals;  Well-Felix  and  Complement-Fixation 
Findings  in  Epidemic  Typhus  Fever  Occurring  in  the  Vaccinated.  J.  Immunol.  53 :  15-30,  May  1946. 

LABORATORY  AIDS  IN  DIAGNOSIS 

The  same  laboratory  procedures  that  were  employed  as  diagnostic  aids 
in  epidemic  typhus  fever  were  also  applied  to  murine  typhus  fever.  The 
Weil-Felix  Proteus  OX-19  agglutination  test  and  complement  fixation  and 
rickettsial  agglutination  tests  with  purified  rickettsial  antigens  have  the 
same  degree  of  specificity  and  diagnostic  values  here  as  they  have  for  epi¬ 
demic  typhus  fever.  Table  32  gives  the  results  of  each  of  these  tests  on  sera 
from  a  nonvaccinated  individual  with  murine  typhus.  The  reader  is  referred 
to  the  laboratory  section  under  epidemic  typhus  for  detailed  discussion  of 
these  and  other  diagnostic  procedures  which  may  be  of  value  in  murine 
typhus,  such  as  the  mouse-toxin  neutralization  test  and  strain  isolation. 

It  will  be  recalled  that  while  the  complement  fixation  test  with  purified 
rickettsial  antigens  was  specific  for  the  homologous  form  of  typhus,  this 
test  lost  its  high  degree  of  specificity  in  patients  with  epidemic  typhus  fever 
who  had  been  previously  immunized  with  epidemic  typhus  vaccine  of  the 

l••’>  KxHential  Technical  Medical  Data,  United  States  Army  Forces,  Paci6c  Ocean  Areas,  for  July 
1944. 

90  See  footnote  4,  p.  144. 
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Cox  type,®’’  and  the  theory  advanced  by  Zarafonetis  to  explain  this  finding 
has  been  discussed  (p.  1S(>).  On  insi>e<‘tion  of  table  .‘11  it  will  be  seen  that  a 
similar  loss  of  s[)ecificity  was  found  in  tests  on  sera  from  murine  typhus 
patients  who  had  been  vaccinated  against  epidemic  typlius  fever.  Plotz  and 
Wertman  ®®  independently  made  the  same  observations.  They  had  per¬ 
formed  tests  on  sera  from  147  cases  of  murine  typhus  in  soldiers  stationed 
in  the  Ignited  States.  Of  these,  l.'io  had  the  typical  serological  response  for 
murine,  typhus  comparable  to  the  pattern  shown  in  table  .‘12,  but  in  12  cases 
an  unusual  response  was  noted,  as  can  be  seen  in  table  30.  These  workers 
investigated  these  12  patients  with  .some  care  in  an  attempt  to  determine  the 
factors  responsible  for  the  atypical  serological  findings. 

Table  32. — Serological  reaullK  in  a  nonvaccinated  individual  infected  with  murine  typhus 

fever  (case  1) — strain  isolated 


S«‘rologi<‘i»l  n‘sults 


Diiy  of  .llsi'iw 

Wcil-Fellx 

Complement  fixation 

Kiekettsial  sifiRiutination 

OX- 19 

OX-2 

o.\-K 

Epidemic 

Murine 

Epidemic 

Murine 

5th . . 

0 

0 

0 

0 

0 

0 

0 

7th . 

1:80 

0 

0 

0 

0 

0 

1:160 

«Hh . . . . 

1:610 

1:160 

1:40 

0 

0 

1:80 

1:1,280 

11th. . 

1:640 

1:160 

1:80 

0 

0 

1:160 

1 : 2,560 

13th. . 

1:640 

1:160 

1:40 

0 

0 

1:320 

1:5,120 

14th . . . 

1:640 

1:80 

1:40 

0 

0 

1:320 

1:5,1*20 

16th . . . . 

1:640 

1:80 

0 

0 

0 

1:3*20 

1:5,120 

18th.. . .  . 

1:320 

0 

0 

0 

1:80 

1:3*20 

1:5,1*20 

20th . . . 

1:160 

0 

0 

0 

1:160 

1:640 

1 : 10,240 

22d . . . 

1:160 

0 

0 

0 

1:320 

1:640 

1:10,240 

31st . . . . 

1:160 

0 

0 

0 

1:3*20 

1:3*20 

1:5,1*20 

75th.  - -  - 

0 

0 

0 

1:40 

1:3*20 

1:40 

1:1,280 

123d _ 

0 

0 

0 

1:40 

1:3*20 

0 

1:160 

Sourc<> ;  Plotz.  H.,  and  Wrrtnian.  K. :  ModtHcation  of  SeroIoKlcal  KeHiMinao  to  Infection  With 
Murine  T,rpbiia  by  Previous  Immunization  With  Epidemic  TyphiiN  Vaccine.  Proc.  Soc.  Ex|>er.  Biol,  ft 
Med.  59  :  248-2r>l,  June  1045. 


It  was  fouiKl  that  all  of  these  imtieiits  had  recelvetl  typhus  vaccine  some  time  or 
other  within  the  precedinj;  2  years.  The  vaccine  used  consisted  of  formalinized  epidemic 
rlckettsiae  with  no  murine  rickettslae  whatsoever.  All  cases  occurred  in  regions  of  the 
Unitetl  States  where  murine  t.vphua  alone  Is  known  to  exist  and  in  some  instances  other 
cases  of  murine  typlius  were  present  in  the  .same  camp  at  the  time  these  cases  were 
admitted  to  the  hospital.  The  clinical  diagnosis  of  murine  typhus  seems  to  have  been 
well  substantiateil.  All  cases  deveiopeil  a  t.vplcal  rash.  A  rise  in  OX-IS)  titers  occurred 
in  the  late  febrile  perical  and  early  convalescence  in  6  cases,  while  most  of  the  others 
showed  high  titers.  The  febrile  iieriod  varied  from  8  to  23  days  with  an  average  of 
about  14  days.  Unfortunately,  no  attempt  was  made  to  isolate  the  agents. 


97  Sec  footnote  35  (3),  p.  183. 

98  See  footnote  92,  p.  210. 
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These  investigators  note  further  that,  while  many  of  the  speeimens  in 
these  12  vaccinated  cases  showed  higher  complement  fixation  titeis  to  epi¬ 
demic  than  to  murine  antigen,  there  was  considerable  cross-fixation  and  a 
number  of  specimens  were  equally  resjwmsive  to  both  antigens  (table  30). 
They  contrast  this  with  the  nonvaccinated  patients  infected  with  epidemic 
typhus,  in  whom  there  are  high  titei’s  to  epidemic  antigens  with,  as  a  rule, 
no  considerable  cross-fixation.  Again,  in  nonvaccinated  patients  with  murine 
typhus,  the  complement  fixation  titer  is  higher  with  homologous  than  with 
heterologous  antigen,  and  there  is  little  crossing  (table  32).  On  the  other 
hand,  rickettsial  agglutination,  in  the  12  nonvaccinated  cases,  usually 
showed  a  higher  titer  to  the  murine  antigen,  but  in  many  instances  there  was 
only  a  twofold  difference  in  titer,  an<l  liere  again  cross-agglntination  is 
marked.  The  same  tyj)e  of  antibody  resjmnse  occurred  whether  the  typhus 
vaccine  had  been  given  2  years  or  1  week  before  the  attack  of  murine  typhus 
and  was  not  seen  in  patients  vaccinated  against  typhus  who  subsequently 
became  infected  with  atypical  pneumonia,  measles,  infectious  hepatitis, 
smallpox,  meningitis,  or  other  viral,  bacterial,  or  protozoal  infections.  As 
regards  symptoms  and  clinical  course,  they  note,  the  previous  vaccination 
against  epidemic  typhus  had  no  apparent  effect  upon  the  severity  of  the 
subsequent  attack  of  murine  typhus. 

Thus,  the  rickettsial  agglutination  test  appeared  to  offer  the  most  reli¬ 
able  means  by  which  one  might  make  the  serological  diagnosis  of  murine 
typhus  in  a  patient  who  had  previously  l)een  immunized  with  the  Cox  type 
of  epi<lemic  typhus  vaccine. 

Part  IV.  Summary 
EPIDEMIC  TYPHUS 

Our  knowledge  of  typhus  fever  at  the  beginning  of  the  war  w’as  so 
incomplete,  and  during  the  war  was  so  greatly  expanded,  that  it  seems  ap¬ 
propriate  to  sketch  here  the  composite  picture  of  epidemic  typhus  that  now 
emerged. 

Clinical  picture. — The  incubation  period  of  lousel)ome  typhus  fever 
varies  from  7  to  20  days,  with  the  u.sual  onset  about  10  to  12  days  after 
infection  occurs.  A  protlromal  stage  of  ill-defined  malaise  probably  exists 
for  a  few  days,  but  is  of  no  diagnostic  value.  In  the  majority  of  adult 
patients,  the  clinical  onset  is  abrupt  with  malaise,  chills  or  chilly  sensations, 
followed  by  severe  headache  and  fever.  There  is  anorexia,  and  sometimes 
vomiting.  The  temperature  rises  rapidly  during  the  first  day  or  two  to 
104°  F.,  or  higher,  where  it  remains  throughout  the  greater  part  of  the  acute 
illness.  The  pulse  rate  usually  exceeds  100  beats  per  minute  and  remains 
full  at  least  throughout  the  first  days  of  illness.  Severe  aches  and  pains 
appear  early,  and  the  thigh  and  calf  muscles  are  sensitive  to  pressure.  An 
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early  symptom  is  a  roaring  sound  in  the  eai’s,  which  may  be  followed  by 
temporary  deafness.  Dyspnea  and  cough  ap])ear  by  the  second  or  third 
day.  The  tongue  and  mouth  become  dry  and  fissured,  and  thirst  is  a  com¬ 
mon  symptom.  The  patient  is  tense  and  anxious  from  the  beginning,  but 
mental  disturbances  do  not  usually  appear  until  about  the  end  of  the  first 
week.  These  may  be  stupor  or  a  |)eriod  of  e.xcitement.  even  of  delirium. 

There  are  no  diagnostic  features  prior  to  the  characteristic  eruption, 
appearing  usually  between  the  fifth  and  seventh  day  of  disease.  Initially, 
it  consists  of  faint  rose-colored  spot.s,  :2  to  fi  mm.  in  diameter,  round  to  irreg¬ 
ular  in  .sha|)e.  The  lesions  fii*st  apj)ear  over  the  upper  anterior  chest  wall, 
in  the  axillae  and  inner  surfaces  of  the  up|)er  arms,  on  the  abdomen,  lower 
back,  and  buttot'ks.  The  rash  usually  develops  rapidly  and  extends  in  a 
few  hours  to  cover  the  back,  the  lower  arms  and  dorsal  a.sjiects  of  the  hands, 
and  the  legs  to  the  knees.  The  face  and  scalp  are  spared;  only  rarely  does 
the  eruption  involve  the  palms  and  soles  (fig.  34).  The  characteristic  lesion 
is  macular  at  first,  but  may  become  papular  after  a  few  hours.  At  the 
beginning,  the  lesions  will  fade  on  pressure,  but  they  usually  become  fixed 
within  24  hours.  Also,  as  the  disease  progresses,  the  lesions  increase  in 
numl)er  and  size  and  may  become  confluent.  Along  with  the  appearance  of 
the  rash,  the  conjunctivae  become  injected  and  the  eyelids  appear  puffed. 
The  face  may  take  on  a  dusky,  cyanotic  hue.  Typically,  the  eruption  fades 
rapidly  at  the  time  of  defervescence. 

By  the  end  of  the  first  week,  the  patient  enters  the  critical  stage.  The 
fever  continues  unabated,  the  delirium  and  cough  are  intensified.  The  heart 
rate  is  rapid  and  hypotension  develops.  The  patient  may  be  incontinent  of 
urine  and  feces  and  may  be  all  but  helpless.  In  the  absence  of  complica¬ 
tions,  there  may  be  gradual  improvement  as  the  fever  begins  to  fall  some  2 
weeks  or  more  after  its  onset.  Some  patients  undergo  a  crisis  with  return 
of  the  temperature  to  normal  in  24  hours,  while  in  others  the  decline  may 
be  gradual  over  a  period  of  2  or  3  days.  As  the  fever  disappears,  the  head¬ 
ache  vanishes,  the  mind  clears,  and  the  appetite  returns.  Recovery  of 
strength  and  nutrition  is  fairly  rapid,  but  deafness  and  tinnitus  may  per¬ 
sist  for  several  weeks. 

The  clinical  picture  can  vary  widely,  depending  on  what  organs  are  pre¬ 
dominantly  involved  or  on  complications.  Pathological  studies  have  shown 
that  the  rickettsiae  localize  first  in  endothelial  cells  of  the  intima  and  then 
enter  large  mononuclear  cells  which  collect  alwut  blood  vessels.  Proliferation 
of  vascular  endothelium  and  of  mononuclear  cells  around  blood  vessels  re¬ 
sults  in  nodular  accumulations.  This  focal,  endothelial,  proliferative,  and 
infiltrative  response  to  the  infection  wcurs  in  the  skin,  brain,  heart,  skeletal 
muscles,  spleen,  adrenals,  and  other  organs  in  varying  degree.  Clinically, 
the  characteri.stic  rash  and  signs  referable  to  the  central  nenous  system  re¬ 
flect  the  underlying  lesions.  The  myocardium  is  also  commonly  affected, 
while  the  lungs  may  show  a  rickettsial  pneumonitis. 
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The  leukocyte  count  is  fmjuently  mluced  diirinjor  the  first  week,  with 
neutropenia  and  a  relative  lymphocytosis.  Eosinophils  are  absent  or  reduced 
during  the  febrile  coui*se.  Mild  normochromic  anemia  not  uncommonly  de¬ 
velops,  but  there  is  a  return  to  normal  values  during  convalescence.  Albu¬ 
minuria  is  uniformly  pi’esent  during  the  jjeriod  of  fever,  (iranular  casts 
usually  appear  in  large  numl)ers  in  patients  with  azotemia.  Elevation  of  the 
blood  umi  nitrogen  is  often  observed  during  the  second  week  of  illness,  espe¬ 
cially  in  severely  ill  patients.  The  total  serum  proteins  may  l)e  normal  or 
slightly  i-educed,  but  reversal  of  the  albumin-globulin  ratio  is  commonly 
noted.  This  is  due  to  an  increase  in  serum  globulin,  the  values  for  which 
usually  range  from  4  to  5  mg.  jwrcent.  Reduction  in  tlie  serum  chlorides  is 
also  common.  Apparently,  the  chlorides  are  not  lost  through  excretion  dur¬ 
ing  the  disease,  since  the  values  spontaneously  return  to  normal  after  de- 
fen-escence. 

Diagnosis. — During  an  epidemic  of  typhus  fever,  the  diagnosis  may  l)e 
suspected  before  the  ap{)earance  of  the  rash.  A  history  of  abrupt  onset  with 
chills,  fever,  severe  headache,  louse  infestation,  or  contact  with  lice  or  with 
typhus  patients  leaves  little  doubt  as  to  the  nature  of  the  illness,  ('ertain 
other  coexistent  diseases  may,  however,  complicate  early  diagnosis.  Small¬ 
pox,  louselmrne  relapsing  fever,  typhoid,  and  meningococcal  meningitis  may 
all  be  confused  with  early  typhus.  Once  the  characteristic  rash  has  appeared 
there  is  usually  little  difficulty  in  making  a  clinical  diagnosis,  although  me- 
ningococcemia,  measles,  and  relapsing  fever  with  exanthem  must  also  be  con- 
siderecl.  Murine  typhus  is  not  clinically  distinguishable  from  louselx)rne 
typhus  in  the  individual  ca.se.  Differentiation  between  these  two  forms  of 
typhus  fever,  as  well  as  establi.shment  of  the  final  diagnosis,  is  dependent 
upon  certain  lal)oratory  studies.  The  diagnosis  may  be  made  by  isolating 
the  micro-organism  from  the  blood  of  the  patient  and  identifying  it  through 
biological  and  other  tests.  More  practical,  however,  being  less  expensive  and 
time  consuming,  are  the  serological  tests,  which  include  complement  fixation 
with  purified  rickettsial  antigens,  rickettsial  .agglutination,  and  Weil-Felix 
Profem  OX-19  agglutination.  These  should  be  performed  on  two  or  more 
serum  specimens  obtained  from  the  patient  during  the  acute  illness  and  con¬ 
valescence  in  order  to  detect  a  significant  change  in  antibody  titer.  Sera 
from  patients  with  lousebome  typhus  fever,  in  complement  fixation  tests, 
yield  higher  titers  with  epidemic  typhus  antigen  than  with  murine  antigen. 
The  same  relationship  obtains  in  rickettsial  agglutination  tests.  With  re¬ 
spect  to  the  OX-19  te.st,  a  significant  change  in  titer  may  be  observed  but  is 
relatively  nonspecific,  since  it  occurs  in  murine  typhus  and  Rocky  Mountain 
spotted  fever  as  Avell  as  in  epidemic  typhus  fever.  Usually,  all  three  of  these 
tests  reveal  diagnostic  (fourfold  or  more)  changes  in  titer  with  their  respec¬ 
tive  antigens.  Rarely,  however,  there  may  be  a  dissociation  of  response,  and 
one  of  the  tests  may  give  completely  negative  results  throughout.  Sera  from 
patients  who  have  contracted  epidemic  typhus  fever  after  vaccination  against 
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it  exhibit  much  more  cross-reaction  in  tlie  complement  fixation  tests  than  do 
sera  from  unvaccinated  patients,  but  the  rickettsial  agglutination  test  ap- 
I^ears  to  retain  sjjecificity  in  vaccinated  as  well  as  in  nonvaccinated  cases. 

Natural  course. — In  the  untreated  case  (that  is,  the  vaccinated  patient 
given  no  specific  therapy),  typhus  fever  runs  its  course  in  14  to  20  days 
unless  terminated  by  death.  The  mortality  varies  in  different  epidemics  and 
is  also  greatly  influenced  by  age.  An  overall  death  rate  of  20  to  30  percent 
was  reached  in  Egjpt  and  at  Naples  during  World  War  II  in  patients  18  to 
50  years  old.  At  the  Dachau  Concentration  Camp,  however,  the  typhus  death 
rate  Avas  only  9.1  percent.  In  past  epidemics,  the  fatality  rate  has  been  as 
high  as  70  percent.  The  disease  is  relatively  mild  in  children,  but  it  tends 
to  be  severe  with  a  high  mortality  in  old  people. 

Deaths  are  rare  in  the  first  week  of  illness.  In  severely  ill  untreated 
patients,  evidence  of  increasing  involvement  of  the  central  nen'ous  system 
often  appears  during  the  second  week  of  disea.se.  They  may  become  deeply 
stuporous,  comatose,  and  die.  Convulsions  presage  a  fatal  outcome.  Other 
patients  deA'elop  signs  of  renal  insufficiency,  and  still  others  present  the  pic¬ 
ture  of  peripheral  vascular  collap.se  during  the  second  week.  There  is  a 
striking  correlation  between  clinical  seA’erity  and  the  development  of  azotemia 
with  elevated  blood  urea  nitrogen  and  creatinine  levels.  These  changes  ap¬ 
pear  to  be  caused  primarily  by  extrarenal  factors,  such  as  greatly  increased 
protein  breakdoAvn,  dehydration,  and  hypotension,  rather  than  by  a  true  dif¬ 
fuse  renal  lesion.  Azotemia  Avas  detected  in  every  fatal  case  of  the  Cairo 
series,  although  not  eA'^ery  patient  AA-ho  exhibits  this  change  will  die.  Sur- 
viA’ors  shoAA’ed  no  evidence  of  renal  impairment  when  tested  sexeral  months 
after  the  acute  episode. 

The  appearance  of  peripheral  circulatory  failure  is  u.sually  indicative  of 
impending  death.  The  extremities  become  cold  and  cyanotic,  the  blood  pres¬ 
sure  drops  to  loAv  levels,  and  the  pulse  becomes  rapid.  The  basis  for  this 
peripheral  vascular  failure  is  unknoAA-n.  but  extensive  inAohement  of  the 
capillaries,  injury  to  the  vasomotor  centers  of  the  brain,  and  severe  myo- 
cartlitis  are  probably  important  contributing  factors.  Electrocardiographic 
findings  in  typhus  feAer  are  non.specific  and  consist  of  Ioav  voltage,  inverted  T 
Avaves,  depression  of  ST  segments,  and  an  inci’ease  in  PR  interval. 

The  most  important  complications  are  bacterial  pneumonia,  multiple 
skin  abscesses,  and  parotitis.  Although  gangrenous  inAolv-ement  of  the  ex¬ 
tremities  has  been  associated  Avith  a  number  of  typhus  epidemics,  it  Avas  rarely 
observed  in  World  War  II  outbreaks,  except  at  Belsen. 

Immunity  and  relapse. — Immunity  is  good  in  untreated  subjects  avIio  re¬ 
cover  from  epidemic  typhus  feA’er.  Delayed  relapses  do  occur,  however,  and 
constitute  Brill's  disease.  Relapses  are  common  in  patients  Avho  receiAe  rick- 
ettsiostatic  therapy  during  the  first  fcAv  days  of  illness,  but  uncommon  if 
treatment  is  initiated  after  the  eruption  has  appeared. 
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Therapy. — During  World  War  II,  PABA  was  found  to  have  antirivkett- 
sial  properties  and  was  etfective  in  the  treatment  of  epidemic  typhus  fever 
in  patients  who  had  as  well  as  in  those  who  had  not  been  vaccinated.  Thor¬ 
oughly  studied,  it  was  brought  to  the  position  of  a  safe  and  promising  dmg 
for  clinical  use. 

Prophylaxis. — Effective  protection  of  the  troops  was  accomplished  by  the 
use  of  a  potent  vaccine  and  its  production  in  adequate  quantities,  and  by 
improved  methods  of  louse  control. 

ENDEMIC  (MURINE)  TYPHUS 

Although  the  studies  on  murine  typhus  during  World  War  II  were  rela¬ 
tively  limited  in  comparison  with  those  undertaken  in  connection  with  epi¬ 
demic  typhus  fever  and  scinb  typhus,  there  was  accumulated  nevertheless 
sufficient  information  upon  which  to  base  the  following  summary  description 
of  the  disease. 

Clinical  picture. — The  incubation  period  from  actual  exposure  to  the  onset 
of  acute  illness  ranges  from  8  to  16  days.  Woodward  noted  that  headache, 
backache,  and  arthralgia  are  frequently  experienced  during  the  fourth  to 
sixth  day  after  exposure.  For  a  day  or  so  prior  to  the  onset  of  illness,  pro¬ 
dromal  symptoms  such  as  nausea  and  general  malaise  are  common.  The  dis¬ 
ease  then  begins  with  chills  or  chilly  sensations,  headache,  and  fever.  Nau¬ 
sea  and  vomiting  frequently  occur  during  this  early  period.  Generalized 
aches  and  muscular  weakness  may  be  pronounced. 

The  clinical  features  of  murine  typhus  resemble  those  of  epidemic  typhus 
except  that,  in  the  average  case  the  disease  is  less  severe  than  in  the  majority 
of  cases  of  epidemic  typhus.  In  endemic  typhus,  the  patient's  temperature 
increases  in  stepwise  fashion  for  3  or  4  days  until  it  reaches  its  maximum 
level,  and  then  usually  ranges  between  103°  and  104°  F.  until  defervescence 
occurs.  The  total  febrile  course  averages  12  days,  but  may  be  a  few  days 
longer  or  shorter.  Defervescence  is  by  lysis  over  2  or  3  days.  A  rash  is 
observed  in  about  80  percent  of  cases,  typically  appearing  on  the  fifth  day 
of  illness,  but  it  may  be  seen  several  days  earlier  or  later.  \Mien  present, 
its  character  and  distribution  are  similar  to  that  in  epidemic  typhus.  Occur¬ 
ring  in  all  degrees  of  intensity,  it  usually  persists  for  about  5  days,  but  may 
be  ephemeral  or  may  remain  evident  for  10  days. 

In  addition  to  intense  headache,  which  is  usually  frontal,  the  average 
patient  with  murine  typhus  exhibits  mild  stupor,  prostration,  and  lethargy. 
Transient  partial  deafness  occurs  at  times.  As  in  epidemic  typhus,  some  in¬ 
volvement  of  the  respiratory  tract  is  common.  A  dry,  hacking  cough  devel¬ 
ops,  usually  in  the  second  week,  and  crackling  rales  may  be  heard  in  the 
base  of  the  lungs.  These  are  believed  to  be  manifestations  of  interstitial 
pneumonitis  of  rickettsial  origin. 
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The  pulse  rate  in  incmistnl  aiul  is  usually  iT^ular.  Minor  elect rcH'ardi- 
ographic  changes  of  nonsi)eciHc  nature  may  lie  tletectetl  for  a  brief  {jeriod. 
Pereistent  hypotension  is  not  uncommon,  esi)ecially  during  the  second  week 
of  acute  illness,  and  is  attributed  to  a  combination  of  factors  including  ex¬ 
tensive  vasculitis  of  the  capillaries  of  the  skin  and  other  organs  and  involve¬ 
ment  of  the  brain  with  injury  to  vasomotor  centers.  Clinical  signs  of  myo¬ 
cardial  failure  are  usually  lacking,  but  this  does  not  rule  out  myocarditis, 
which  has  lieen  found  in  fatal  cases  of  epicletnic  typhus  fever. 

There  are  no  characteristic  changes  in  the  formed  blooil  elements.  Mod¬ 
erate  albuminuria  is  not  uncommon.  Azotemia  may  ilevelop  in  severe  cases 
and  is  lielieved  to  lie  largely  due  to  e.xtrarenal  factors. 

Diagnosis. — An  illness  characterize<l  by  an  abrupt  onset  'vith  lieadachc. 
chills  or  chilly  sensations,  fever,  malaise,  prostnition,  nonprcMluctive  cough, 
and  later  the  appearance  of  a  rash  should  suggest  typhus  fever  among  the 
diagnostic  possibilities.  Epidemiological  considerations  and  characteiastics 
of  the  rash  may  aid  in  arriving  at  a  tentative  dinicail  diagnosis,  but  tinal 
differentiation  rests  upon  the  use  of  appropriate  laboratory  tests.  These  in¬ 
clude  complement  fixation  with  purified  rickettsial  antigens.  Weil-Felix  Pro- 
teun  OX-lh  agglutination,  rickettsial  agglutination,  and  isolation  of  the 
strain  by  animal  inoculation.  The  last  is  not  pi'actica!  for  routine  use,  but 
the  serological  tests  are  adequate  and  more  practical.  They  should  Ik  per- 
fornted  on  two  or  more  .sera  obtained  from  tlie  patietit  during  the  acute  ill¬ 
ness  and  convalescence  to  show  a  diagnostic  change  in  antibody  titer.  In 
endemic  typhus,  titers  will  lie  considerahly  higher  with  endemic  than  with 
epidemic  antigen  in  the  complement  fixation  test.  The  same  relationship 
obtains  in  rickettsial  agglutination.  A  significant  rise  in  OX-19  agglutina¬ 
tion  titer  may  be  helpful,  but  it  does  not  differentiate  l)etween  endemic 
typhus,  epidemic  typhus,  and  Rocky  Mountain  spotted  fever.  Sera  from 
patients  who  have  previously  received  epidemic  typhus  vaccine,  and  later 
contracted  murine  typhus,  exhibit  much  more  cross-reaction  in  complement 
fixation  tests  than  do  sera  from  nonvaccinate<l  persons.  The  complement 
fixation  test,  therefore,  does  not  diffei’entiate  the  two  forms  of  typhus  in  these 
patients,  but  the  rickettsial  agglutination  te.st,  according  to  available  evi¬ 
dence,  retains  specificity  in  such  cases. 

Natural  course. — The  usual  course  in  adults  is  uncomplicated,  with  sub¬ 
sidence  of  fever  toward  the  end  of  the  second  week,  followed  by  an  unevent¬ 
ful  convalescence.  The  disease  is  i*eadily  tolerated  by  children,  but  less  well 
by  elderly  persons.  The  mortality  is  1  to  2  percent.  Complications  are  in¬ 
frequent  and  usually  consist  of  .secondary  infections  which  give  rise  to  paro¬ 
titis,  otitis  media,  or  bacterial  pneumonia. 

Immunity. — After  an  attack  of  murine  typhus,  immunity  is  apparently 
of  long  duration.  Recrudescence,  in  a  manner  analogous  to  Brill's  disease, 
has  not  been  reported. 
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Therapy. — Treatment  is  the  same  as  for  epidemic  typhus  fever.  Smith 
and  civilian  workei*s  independently  demonstrated  the  beneficial  effect  of 
large  doses  of  PABA  in  the  management  of  murine  typhus. 

Prophylaxis. — Control  measures  are  directed  at  I'educing  the  rat  popula¬ 
tions  that  serve  as  the  reservoir  of  the  diseiise  and  the  rat  ectoparasites  that 
serve  as  the  vectore.  Rat  control  measures  include  general  sanitation,  rat 
poisoning,  and  retproofing  of  buildings.  The  principal  method  of  ectopara¬ 
site  control  is  by  DDT  du.sting  of  ratruns  and  harborages, 

Prophylactic  vaccination,  although  possible,  is  not  usually  practical  in 
view  of  the  sporadic  occurrence  of  cases. 

EPILOGUE 

The  preventive,  clinical,  and  laboratory  events  concerned  with  the  typhus 
fevers  during  World  War  II  represent  a  brilliant  chapter  in  the  history  of 
medicine.  Many  contributions  were  outside  the  scope  of  this  review  and  are 
detailed  elsewhere.^^-  No  historical  summary  of  typhus  would  be  complete, 
however,  without  acknowledgment  of  the  keen  stimulation  and  wise  guidance 
provided  by  Brig.  Gen.  Stanhope  Bayne-Jones  and  Brig.  Gen.  I^eon  A.  Fox, 
Director  and  Field  Director,  respectively,  of  the  United  States  of  America 
Typhus  Commission.  The  l".S.  Army  Medical  Department  can  be  justly 
proud  of  the  contributions  made  by  its  members  under  the  leaderehip  of  these 
men, 

09  Smith,  P.  K. ;  Tlu>  rs(«  of  Para-Amlnobenzoic  Acid  in  Kndemic  (Murine)  Typhus  Fever, 
J.A.M.A.  131:  1114-1117.  .3  Aujf.  1946. 

too  l.evy,  M.  I)..  an<i  Arnold.  W.  T. :  Para-.4minobenzoie  Acid  in  the  Treatment  of  Endemic 
'I'yfthiis  Fever.  I'exas  .State  .T.  Med.  42;  314-316,  September  1846. 

101  See  footnote  85,  p.  205. 

102  See  footnote  4,  p.  144. 
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Rheumatic  Fever 

Lowell  A.  Rantz,  M.D. 

Kheunuitic  fever  lias  been  a  problem  to  the  U.S.  Army  in  all  of  its  wars 
for  which  liistoi'ical  data  are  available,  although  it  attracted  little  attention 
l)efoi’e  World  War  II.  Phiteric  infection  and  malaria  in  earlier  Wat's,  and 
inHuenza  and  its  complications  in  World  War  I,  overshadowed  all  other  acute 
di.st‘ases.  Inadequate  diagnosis  also  prevented  the  recognition  of  the  mili¬ 
tary  importance  of  this  disorder. 

The  recorded  experience  of  the  U.S.  Army  in  the  American  Civil  War  ^ 
reveals  that  acute  rheumatism  o<*curred  with  remarkable  freqtiency.  In  5.2 
years,  146,0(10  cases  were  reported  among  white  troops  at  a  rate  of  61  j)er 
1,000  |)er  annum.  Certainly,  not  all  of  these  were  acute  rheumatic  fever, 
but  examination  of  the  case  records  that  have  l)een  preserved  in  the  history 
of  that  war  iiulicates  that  a  substantial  number  of  them  was  certainly  this 
disease.  This  impression  is  confirmed  by  642  deaths  caused  by  rheumatism, 
endocarditis,  and  pericarditis.  Furthermoi*e,  the  disease  occurred  princi¬ 
pally  in  the  winter  among  fresh  levies  of  troops,  an  epidemiological  pattern 
whicli  resembles  that  of  rlieumatic  fever  during  World  War  II.  In  retro¬ 
spect,  it  is  impossible  to  define  the  magnitude  of  the  problem  of  rheumatic 
fever  in  the  Civil  War,  but  it  must  have  been  great. 

The  situation  during  World  War  I  was  similar.^  There  were  24,770 
admi.ssions  for  acute  articular  rheumatism  reported,  but  the  significance  of 
this  disease  was  apparently  overlooked  even  though  it  was  occurring  at  the 
rate  of  6.(X)  per  1,000  per  annum.  The  fact  that  many  of  these  cases  were 
rheumatic  fever  was  not  appreciated,  .and  this  disease  is  not  mentioned  l)y 
name  in  the  official  history  of  the  Medical  Department  in  World  AVar  I.  The 
disease  occurred  with  greatest  frequency  in  the  same  areas  as  it  did  during 
AVorld  AVar  II  but  at  substanti.ally  higher  rates. 

In  spite  of  this  background  and  of  the  great  advances  that  had  lieen 
made  in  the  ])eriod  between  the  wars  in  knowledge  of  the  pathogenesis  and 
natural  history  of  the  disease,  the  U.S.  Army  Medical  Department  was  poorly 
equipped  to  cope  with  the  problem  of  rheumatic  fever  in  the  firet  years  of 
AA^orld  AA’^ar  II.  This  was  largely  the  result  of  several  well-defined  factore. 
The  first,  and  most  important,  Avas  the  failure  of  the  Medical  Department  to 
realize  the  importance  of  rheumatic  fever  as  a  military  problem.  Rheumatic 

1  Mpdirnl  and  SiirRlcnl  IIlHtory  of  tho  War  of  the  P.eb<>llion.  MedirnI  IIlBtory.  WaohinKton  : 
Government  Print injr  OfBee,  1870,  pt.  I,  vol.  I,  pp.  d.^T-CSO. 

2  The  Medleal  I)<»pnrtnient  of  the  I'liited  Statea  Army  In  the  World  War.  WaahlnRton  :  Govern¬ 
ment  PrlntlnB  Office,  1925,  vol.  XV,  pt.  2,  p.  86. 
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fever  was  not  retiuired  to  be  reixnted  by  all  facilities  on  the  weekly  statistical 
summary  until  December  1941  ■*  and  was  often  incorrectly  diagnosed  during 
the  following  21/0  years. 

Of  equal  importance  was  the  failui'e  to  appreciate  the  intimate  relation¬ 
ship  between  infection  by  group  A  hemolytic  sti-eptm'occi  and  rheumatic 
fever.  Medical  officers  in  the  field  were  not  trained  to  distinguish  strepto¬ 
coccal  from  nonbacterial  respiratory  disease,  so  that  the  hemolytic  streptococ¬ 
cus  was  only  recognized  during  the  period  1940-43  as  a  common  cause  of 
illness  in  those  few  camps  where  scarlet  fever  was  occurring  frequently.  The 
imjmrtance  of  the  case  without  a  rash  was  not  realized.  Lastly,  the  Army 
and  its  consultants  had  not  familiarized  themselves  with  available  civilian 
and  military  data  which  would  have  made  it  possible  to  predict  with  con¬ 
siderable  accuracy  those  geographic  areas  in  which  outbreaks  of  hemolytic 
streptococcal  infection  and  rheumatic  fever  might  be  expected. 

Little  information  is  available  as  to  the  situation  during  the  prewar 
expansion  of  the  Armed  Forces.  During  1941,  outbreaks  of  scarlet  fever 
followed  by  rheumatic  fever  occurred  at  Chanute  Field,  Ill.,  Scott  Field, 
Belleville.  Ill.,  and  Fort  Knox,  Ky.  The  incidence  of  these  diseases  else¬ 
where  in  the  Army  during  1941  was  low.  Dre.  James  1).  Trask,  Francis  F. 
Schwenkter.  and  M.  Henry  Dawson,  of  the  Commission  on  Hemolytic  Strep¬ 
tococcal  Infections,  Army  Epidemiological  Board  (Board  for  the  Investiga¬ 
tion  and  Control  of  Influenza  and  Other  Epidemic  Disea.ses  in  the  Army), 
visited  each  of  these  camps  in  November  1941.  They  noted  that  medical 
officers  did  not  recognize  the  association  of  scarlet  fever  and  streptococcal 
disease  occurring  without  a  rash  nor  did  they  connect  either  of  them  with 
rheumatic  fever.^ 

The  available  records  do  not  reveal  that  streptococcal  disease  was  viewed 
with  alarm  during  the  period  1941-42,  although  the  incidence  of  scarlet 
fever,  in  the  total  Army,  during  those  years  was  comparable  to  that  in  1943- 
44  when  interest  in  infection  by  these  organisms  was  very  great.  This  was 
the  result  of  the  mildness  of  the  acute  streptococcal  di.sease  and  of  the  failure 
to  report  accurately  the  occurrence  of  rheumatic  fever  prior  to  1943. 

The  first  detailed  information  in  regard  to  the  problem  of  rheumatic 
fever  Avas  obtained  early  in  Februarv  1943  when  a  survev  of  the  continuing 
.scarlet  fever  epidemic  at  Fort  Francis  E.  AVarren,  AVyo.,  revealed  that  more 
than  100  patients  with  this  disease  had  been  hospitalized  but  neither  cor¬ 
rectly  diagnosed  nor  reported  to  The  Surgeon  General.®  Subsequently,  the 
rapid  increase  in  size  of  installations  in  areas  of  high  incidence  of  this  dis- 

3  Circular  I.ctter  No.  12.3,  Office  of  the  SurReon  General,  U.S.  Arm.v,  16  Dec.  1941,  subject : 
Medical  Department  Form  86ab,  Statistical  Report  (first  section). 

■*  Report.  M.  Henry  Dawson.  M.D.,  Director.  Commission  on  Hemolytic  Streptococcal  Infections, 
Army  EpidemiolORical  Board.  24  Nov.  1941.  subject :  Report  on  Reconnaissance  Trip  to  the  Fifth 
and  Sixth  Corps  Areas  by  Dr.  .Tames  D.  Trask.  Dr.  Francis  F.  Schwenkter.  and  Dr.  M.  Henry  Daw¬ 
son.  Members  of  the  Commission  on  Hemolytic  Streptococcal  Infections.  November  11-19,  1941. 

•■>  Report.  Lowell  A.  Rantz,  M.D.,  Member,  Commission  on  Hemolytic  Streptococcal  Infections, 
Army  Epidemiological  Board,  to  Col.  S.  Bn.vne-.Tones,  Office  of  the  Surgeon  General.  2.3  Feb.  194.3, 
subject :  Report  of  Epidemic  of  Scarlet  Fever  and  Septic  Sore  Throat,  at  Fort  Francis  E.  Warren. 
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ease  in  ('ohmulo  ami  Ttah  was  ass<K*iatetl  with  epitleinics  <>f  sti’eptociX'cal 
infeotion  ami  rheumatie  fever.  Adilitional  surveys  were  made  which  ajrain 
delineated  the  tleticiencies  in  backgroiiml  and  information  on  tlie  {)art  of 
medical  officers  in  ivj»ard  to  stivptoctK’cal  i-espiratory  dist‘ase  ami  its  com¬ 
plications,  although  no  control  measures  were  recommended.** 

Durinj;  194.*},  (5,710  admissions  for  rheumatic  fever  weiv  reporteil  from 
the  Army  in  the  United  States.  Accordin*;  to  .summaries  of  the  statistical 
health  reports,  about  74  |)ercent  of  these  <K*curred  in  the  Seventh  and  Ninth 
Service  (’ommands.  AlK)Ut  43  |)ercent  of  all  cases  <x-curred  in  the  States  of 
C’olonido,  Utah,  Idaho,  Montana,  and  Wyoming.  This  larjre  numl)er  of  cases 
of  a  serious  disease  requiriiifr  prolonf;e<l  hospital  care  ami  resultinjr  in  many 
separations  from  WM’vice  attracte<l  a  very  considerable  ititerest  in  the  offices 
of  The  Snrjreon  (ieneral  of  the  Army  and  of  the  Air  Surgeon.  Three  pro- 
<;rams  desijjned  to  atHpiire  new  knowledjje  alK)ut  hemolytic  streptococcal  dis¬ 
ease^  with  special  reference  to  its  relationship  to  rheumatic  fever  and  to  con¬ 
trol  methods  were  instituted  toward  the  end  of  1943.  All  were  conducted 
in  the  Held  with  the  active  assistatice  and  ctwiperation  of  many  command  and 
me«lical  officers. 

One  of  these  profrrams  was  umler  the  auspices  of  the  Commission  on 
Hemolytic  Stre|)toco«‘cal  Infe<*tions.  Its  purjaxse  was  the  careful  investiju^a- 
tion  of  a  larjre  numl)er  of  cases  of  hemolytic  streptcxuMcal  ivspiratory  infec¬ 
tion  for  the  purpose  of  defining;  the  natural  history,  bacteriolofry,  and  immu- 
nolofry  of  thes(‘  disordei*s.  .Vss(X‘iate<l  with  this  {ri'oup  was  the  Commission 
on  Air-Borne  Infections.  Army  Epidemiological  Board,  whose  main  interest 
lav  in  the  invest ijrat ion  of  nudhods  for  control  of  airlM)rne  infection  with 
particular  i-eference  to  the  hemolytic  sti'eptococcus.  The  results  of  these  two 
Commission  ])rojects  are  described  el.sewhere.^  The  third  was  the  Army  Air 
Forces  Kheumatic  Fever  (’ontrol  Projrram,  Office  of  the  Air  Surgeon,  which 
will  be  the  subject  of  a  later  section  of  this  chapter.  These  three  profrrams 
were  in  active  operation  thronjrhout  1944.  Much  new  knowledge  was  ac¬ 
quired,  but  etfectiv  >  methods  for  the  control  of  streptococcal  disease  and  rheu¬ 
matic  fever  were  not  forthcoming. 

The  Air  Forces  investigated  intensively  the  role  of  sulfonamide  prophy- 
la.xis  during  the  early  months  of  1944.  Streptococcal  infection  and  rheumatic 
fever  were  notably  reduced,  and  the  ust*  of  this  technique  in  certain  defined 
situations,  primarily  for  the  prevention  of  these  diseases,  l)ecame  established 
Army  poli<‘y  on  1  Noveml)er  1944  with  the  jmblication  of  War  Department 
Technical  Bulletin  (TB  MED)  112.  Unfortunately,  by  this  time,  strains  of 
strept(x*o<-ci  highly  resistant  to  sulfonami<les  had  emerged  and  were  causing 

«  Report,  Ch*‘Htt>r  S.  Kc»-ft>r.  M.D..  Dirfcfor,  iiikI  I.<>w»>I1  A.  Rnntz.  M.D..  Member,  ComniiMsion  on 
Hemolytic  Streptococcal  Iiifectloni*.  Army  Eplilemloloielcal  Board.  April  1943,  subject :  Report  of  Investl- 
eatlon  of  Rbeiimatlc  Fever  at  Fort  Francis  E.  Warren,  Cheyenne.  Wyo.,  Lowry  Field,  Denver,  Colo.. 
Buckley  Field.  IXuiver.  Colo.,  and  Camp  Carson.  Colorado  Springs,  Colo. 

7(1)  History  of  the  Commission  on  Air-Borne  Infections,  Army  Rpidemioloeical  Board.  1941-45. 
[Dtticial  record.]  (2)  Commission  on  Heinolytic  Streptococcal  Infections.  Army  Rpideniiological 
Board.  [Fiidated.]  [Official  record.] 
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disease  among  naval  |)ersonnel  whei’e  chemoprophylaxis  had  been  widely  used 
on  a  mass  basis  since  December  1943, 

Streptococcal  infection  continued  to  be  epidemic  throughout  1944,  and 
4,877  cases  of  rheumatic  fever  were  i‘e|M)rted  in  the  I’nited  States.  The  high¬ 
est  incidence  was  again  in  the  Sixth  and  Seventh  Service  Commands  where 
37  percent  of  the  cases  occuri-ed.  Twenty-four  percent  occuri-ed  in  the  States 
of  C’olorado,  l"tah,  Wyoming,  and  Nevada,  where  relatively  few  troops  were 
stationed.  Streptococcal  infection  and  rheumatic  fever  became  an  important 
pniblem  among  troops  abroad  for  the  first  time  in  1944  when  1,805  cases  of 
the  latter  disease  were  reported.  This  represented  a  rate  of  only  0.47  per 
1,000  per  annum  or  approximately  38  percent  of  that  among  troops  in  the 
I'nited  States. 

It  became  apparent,  as  the  winter  of  1945  liegan,  that  sulfonamide 
prophylaxis,  the  only  method  of  proved  value  for  the  prevention  of  strepto¬ 
coccal  infection  and  rheumatic  fever,  was  no  longer  effective.  Disease  caused 
by  resistant  streptococci  was  epidemic  in  the  IT.S.  Navy,  and  an  outbreak  of 
infection  caused  b^’  similar  strains  had  occurred  at  an  Army  Air  Forces 
station.  The  entire  problem  was  considered  at  a  National  Research  Council 
conference  on  28  February  1945.  The  failure  of  sulfonamide  prophylaxis 
\\as  detailed,  and  the  hazards  involved  in  its  continued  use  were  described. 
As  a  result  of  these  experiences  in  the  Navy,  this  technique  was  applied  only 
selectively  in  the  Army  Air  Forces  and  practically  not  at  all  in  the  Army 
Ground  Forces.  The  possible  value  of  penicillin  prophylaxis  was  explored  at 
another  National  Research  Council  conWence  on  20  March  1945,  and  studies 
for  its  evaluation  under  field  conditions  by  the  Army  Air  Forces  were  out¬ 
lined  but  not  undertaken. 

The  incidence  of  scarlet  fever  and  rheumatic  fever  in  the  Army  in  the 
United  States  decreased  in  1945  in  spite  of  the  absence  of  effective  control 
measures.  The  incidence  of  streptococcal  sore  throat  i-ose  from  0.82  per  1,000 
in  1944  to  3.64  in  1945.  The  effect  was  an  increase  in  rate  for  the  three 
conditions  combined,  from  3,98  per  1,000  in  1944  to  5.21  in  1945.  Only  1,675 
cases  of  rheumatic  fever  were  reported.  Two  thousand  and  fifty  additional 
cases  occurred  in  the  Army  overseas.  Another  important  National  RevSeareh 
(Council  conference  on  streptococcal  disease  was  held  on  7  July  1945.  The 
war  ended  in  the  autumn  of  that  year,  and  information  on  the  occurrence 
of  this  disease  and  rheumatic  fever  during  demobilization  is  not  available. 

EPIDEMIOLOGY  AND  STATISTICS 

Statistical  and  epidemiological  data  in  regard  to  rheumatic  fever  and 
the  causative  hemolytic  streptococcal  infection  has  been  presented  in  detail 
in  another  volume  in  the  history  of  the  Medical  Department  in  World  War  II.* 

*  Mod.cal  Department,  United  States  Army.  Preventive  Medicine  in  World  War  II.  Volume  IV. 
Communicable  Diaeaaea  Transmitted  Chiefly  Throu(;h  Respiratory  and  Alimentary  Tracts.  Washing¬ 
ton  :  I'.S.  Government  Printing  Office,  1958. 
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This  information  will  not  be  recapitulated,  but  a  summary  is  appropriate. 
Of  about  18,000  re|K)rted  cases  of  rheumatic  fever,  34  {percent  developed  in 
troops  stationed  in  the  Seventh  Service  Command  at  a  rate  about  six  times 
the  rate  for  the  total  Army.  Hemolytic  streptococcal  respiratory  disease  was 
epidemic  in  all  of  the  high  incidence  areas  for  rheumatic  fever,  and  a  direct 
relationsliip  between  infection  by  these  organisms  and  the  rheumatic  state 
was  established  bv  critical  investigations. 

Approximately  23  percent  of  all  rheumatic  fever  admissions  occurred 
in  troops  overseas.  The  rate  was  about  two-fifths  of  that  in  the  continental 
United  States.  In  terms  of  rates,  the  worst  experiences  were  encountered 
in  the  European,  Mediterranean,  and  Middle  East  theaters.  Three  reports 
describing  the  disease  as  it  occurred  in  the  North  African,  Mediterranean, 
and  European  theatera  have  been  published.®  The  problem  was  much  less 
in  the  China-Burma-India  theater  and  in  the  Pacific  and  Latin  American 
areas. 

Rheumatic  fever  was  most  common  in  the  months  of  January  through 
June  (77  percent  of  all  cases)  among  men  assembled  for  basic  training,  but 
occurred  frequently  during  all  seasons  and  among  all  types  of  personnel, 
particularly  during  the  peak  years  of  1943  and  1944. 

CLINICAL  PICTURE 

The  clinical  picture  and  natural  history  of  rheumatic  fever  as  it  occurred 
among  troops  has  been  well  defined  in  a  few  publications,^®  and  in  much 
greater  detail  in  reports  of  the  activities  of  Army  and  Air  Force  rheumatic 
fever  centers.*^  These  three  reports,  describing  the  disease  as  it  was  seen 
at  Birmingham  General  Hospital,  Van  Nuys,  Calif.,  Foster  General  Hospital, 
Jackson,  Miss.,  and  Torney  General  Hospital,  Palm  Springs,  Calif.,  are  most 

9  (1)  Bland,  E.  F. ;  Rheumatic  Fever  and  Rheumatic  Heart  Disease  in  the  North  African  and 
Mediterranean  Theater  of  Operations.  United  States  Army.  Am.  Heart  J.  32  :  545-559,  November 
1946.  (2)  Claiborne,  T.  S. :  Rheumatic  Fever  and  Rheumatic  Heart  Disease  in  a  General  Hospital 

in  North  Africa.  Med.  Bull.  North  African  Theat.  Op.  (No.  5)  1:8,  May  1944.  (3)  Foster,  R.  P. : 

Rheumatic  Fever  Here  and  in  the  European  Theater  of  Operations.  Northwest  Med.  45 :  503-506, 
July  1946. 

to  (1)  Wendkos,  M.  H.,  and  Noll,  J.,  Jr.:  Symposium  on  Cardiovascular  Diseases;  A  Survey  of 
Rheumatic  Fever  in  a  Large  Station  Hospital.  M.  Clin.  North  America  28 :  124-147,  January  1944. 
(2)  Wright,  I.  S. :  Experiences  With  Rheumatic  Fever  in  the  Army.  Bull.  New  York  Acad.  Med.  21 : 
419-432,  August  1945.  (3)  Connor,  C.  A.  R. :  Experiences  With  Rheumatic  Fever  in  the  Army  Air 

Forces.  Am.  J.  Health  36 :  236-243,  March  1946.  (4)  Miller,  J.  H. :  Rheumatic  Fever  at  a  Con¬ 

valescent  Center  from  March  1944  to  March  1945.  News  Letter,  Army  Air  Forces  Rheumatic  Fever 
Control  Program,  vol.  2,  No.  10,  p.  30,  October  1945. 

11  (1)  Report.  Maj.  Jules  C.  Welch,  MC,  Chief,  Rheumatic  Fever  Section,  Birmingham  (Seneral 
Hospital,  to  The  Surgeon  General,  attention :  Director,  Medical  Consultants  Division,  30  Nov.  1945, 
subject :  Report  on  Studies  on  Rheumatic  Fever.  (2)  Report.  Capt.  John  F.  McGinty,  MC,  Chief, 
Rheumatic  Fever  Section,  Poster  General  Hospital,  to  The  Surgeon  General,  attention ;  Director, 
Medical  Consultants  Division,  14  Dec.  1945,  subject :  Report  on  the  Activities  and  Findings  of  the 
Rheumatic  Fever  Center,  Foster  General  Hospital.  Jackson,  Mississippi,  for  the  period  from  2  Oct. 
1944  to  1  Dec.  1945.  (3)  Report,  Maj.  E.  P.  Engleman.  MC.  Chief,  Rheumatic  Fever  Center,  Torney 

General  Hospital,  to  The  Surgeon  General,  attention  :  Col.  Arden  Freer,  MC,  Director,  Medical  Con¬ 
sultants  Division.  11  Mar.  1946.  subject:  Report  of  .Vctlvities  of  Torney  General  Hospital  Rheu¬ 
matic  Fever  Center.  1  Mar.  1946. 
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Data  «lt>rive<l  tlieivfioiii  aiv  pivsentetl  in  table  33.  It  should  be 
iviueinl)ere<l  that  tliese  were  esi^ntially  <‘onvales<-eiit  hospitals  aiul  that  the 
a<*ute  phas**s  of  the  illness  were  not  ol)served  hy  the  ottieei’s  pi’eparinj;  these 
reports.  The  information  alamt  the  early  .stajjjes  of  the  illne.ss  were  com¬ 
piled  from  abstracts  of  the  station  hospital  rwonls  which  iu*eompanied  the 
patients.  These  were  usually  <piite  c<unplete.  K.xamination  of  other  rejwrts, 
and  the  extensive  exjH'rience  of  the  author  in  the  held  during  this  ])eriod, 
indicates  that  table  33  and  the  <*ommentary  which  is  to  follow  presents  an 
accurate  picture  of  rheumatic  fever  as  it  o<*curre<l  during;  Worhl  War  II  in 
the  Army. 

Tabi.k  H.'t.  Clinical  anti  historical  information  on  rheumatic  fever  as  ohserreii  in  three  U.S. 

Army  general  hospitals 

(IVro'iit  I'xprt'sswl  lus  pvrci'ntaKos  of  In  whirli  Um*  rosiH'otlvi-  •Tiunllt'sUitliins  ob(i(‘rvt>il| 

.  I 

Fosti-r  Toniey 

( li‘iM>rui  ( 

Hospital  '  Uos|iltal 
(IM-rmitl  (fM-ns'iit) 


41.3  40.  (> 

40.  1  84.  5 

1M>.  7 
.  5 
2.  2 
1.  8 

1.1  .5 

2.  5  3.  2 

13.0  45.0 

8.  4  2.  5 

7.  7  5.  0 

3.  3  3.  7 

.0  1.0 

27.  7  47.  6 

24.  0  28.  2 

3.  1  14.  0 

807  401 


•  Not  n‘conle<l. 

Striking  differences  between  the  rates  of  occurrence  of  various  clinical 
manifestations,  notably  those  referable  to  the  heart,  reflect  differences  in 
interpretation  of  physical  and  laboratory  signs  by  medical  officers  in  the 
various  hospitals.  Kheuinatic  fever  in  the  Army  was  an  arthritic  disease. 
Almost  100  [)ercent  of  cases  exhibited  subjective  or  objective  evidence  of 
joint  involvement.  This  simply  means  that  the  nonarthritic  form  of  the 
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Pa.st  hi.story  (if  rheumatic  feviT _  -  J  .50.4 

History  of  precedinK  rc'spiratory  iiifectiuii  -  .  54.  !> 

Kxtracardiac  manifestations: 

Arthritis . . . .  - .  .  HX).  0 

t’hor(‘H . .  . . (') 

Krytherna  multiforme  or  inarKinatuin  .  -  5.  4 

Krytheina  nodosum.. .  -  —  - -  2.7 

Subcutaneous  notlules _  .......  —  .  1.5 

Pneumonia . . . . . . . . . . .  -  3.  2 

Cardiac  manifestations: 

Apical  systolic  murmur . — 

Apical  diastolic  murmur _ _ _  . . 

Aortic  insufficiency - - . 

Pericarditis - - - - 

Cardiac  insufficiency _ ... 

Electrocardiographic  manifestations: 

Any  abnormality _ 

Prolongwl  AV  conduction _ 

Abnormal  T  waves _ 

Total  nunilxT  of  cases _ 


II.  8 
2.  7 
10.  3 
5.  t) 
0 

53.  5 
2t).  8 
10.  I 

2(52 
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disorder  was  niivly  reco^iized.  Detailed  stiulies  l)ej;iiiniiij;  with  the  initiat¬ 
ing  streptocoeeal  infection  revealed  a  considerable  number  of  cases  in  this 
category.** 

A  past  history  of  rheumatic  fever  was  obtained  in  40  to  50  percent  of 
all  cases.  This  demonstrates  that  jn^rsons  who  have  hml  rheumatic  fever 
are  much  more  likely  to  develop  another  attack  after  streptococcal  infection 
than  are  nonrheumatics.  A  preceding  up|)er  respiratory  infection,  sore 
throat,  or  .scarlet  fever  Inid  been  m'ognized  by  nlx)ut  half  of  the  patients. 
Nearly  all  hospitalized  patients  had  fever  and  malaise  in  addition  to  arthritis, 
but  many  other  clinical  manifestations  of  rheumatic  fever  were  uncommon. 
Epistasis,  erythematous  skin  lesions,  |)ericarditis,  pneumonia,  and  subcutane¬ 
ous  nodules  occurred  infrequently,  although  very  often  more  than  one  of 
these  signs  of  severe  rheumatic  fever  was  demonstrated  in  the  same  patient. 

Evidence  of  carditis  was  obtained  frequently.  During  the  acute  phase 
of  the  illne.s.s,  the  most  common  sign  was  an  abnormal  electrocardiogram. 
Prolonged  AV  (atrioventricular)  conduction  was  demonstrated  in  about  one- 
quarter  of  all  patients  and  unequivocal  T-wave  abnormalities  in  an  addi¬ 
tional  3  to  14  j)ercent.  The  average  percentage  for  all  patients  was  approxi¬ 
mately  7  [lercent.  Other  abnormalities  were  reported  by  two  of  these 
hospitals  to  bring  the  total  presenting  electrocardiographic  evidence  of 
carditis  to  about  50  percent.  The  significance  of  many  of  these  minor 
change.s  in  tl)e  tracings  is  questionable. 

Arrhythmias  of  any  kind  were  observed  in  less  than  0.5  percent  of  cases. 
Cardiac  insufficiency  develojied  in  le.ss  tlian  1  j^ercent  and  was  almost  always 
of  short  duration.  (4nly  three  deaths  f’-om  active  rheumatic  fever  with 
heart  failure  are  recorded. 

Cardiac  murmurs  were  heard  frequently,  but  the  significance  of  many 
is  difficult  to  assess.  Apical  systolic  murmur>^  w'ere  discovered  in  45  [per¬ 
cent  of  cases  in  one  haspital  but  in  only  al>out  12  percent  in  the  other  two. 
Apical  dia.stolic  murmurs  were  uncommon.  P^vidence  of  aortic  insufficiency 
was  obtained  in  5  to  10  |)ercent  of  this  group  of  patients.  It  was  often 
inferred  that  these  lesions  were  the  result  of  the  episode  of  rheumatic  fever 
under  study.  This  was  undoubtedly  so  in  some,  but  the  author  examined 
a  number  of  men  in  whom  valvular  dii«*ase  was  present  at  the  onset  of  the 
attack  and  was  a  residuum  of  a  previous  rheumatic  episode.  The  charac¬ 
teristic  murmurs  had  l>een  overlooked  at  the  time  of  induction  into  the  Army. 
The  available  data,  obtained  at  convalescent  centeis,  do  not  permit  ready 
differentiation  between  thesi*  two  different  situations. 

(’arditis  was  present  in  40  to  50  percent  of  all  cases  if  only  positive 
electrocardiographic  abnormalities  and  clear-cut  new  murmurs  are  considered 
to  l»e  indicative  of  its  presence. 

•2  Kant*.  li.  A..  Bol«v«Tf.  r.  J.,  nii<l  Spink,  W'.  W. :  Hemol.vtic  Streptococcic  Sore  Throat;  The 
Poatstreptococcic  State.  Arch.  Int.  Med.  79 ;  401-435,  April  1947. 
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EARLY  TREATMENT  AND  COl  H'^E 

DiHMnueiitttry  evi«leiu*e  in  i*e^iril  to  the  usiial  early  treatment  of  rheu¬ 
matic  fever  in  the  Army  is  not  available.  Prior  to  the  autumn  of  11144, 
these  patients  weiv  treated  in  station  hospitals  until  convalescence  was  suf¬ 
ficiently  estahlisheil  to  {HU'init  i-eturn  to  ilnty,  separation  from  service,  or 
transfer  to  a  I'ejjional  jreneral  hospital.  Duriiij;  this  early  {leriod,  treatment 
was  the  resixinsihility  of  the  chief  of  medicine  in  each  station  hospital,  and 
varied  jrivatlv  fnnn  one  to  another. 

(ireat  interest  had  lieen  aroused  at  almut  this  time  in  the  use  of  very 
lar}:te  amounts  of  salicylates  in  the  treatment  of  rheumatic  fever,  Rejrimens 
weiv  witlely  employeil  in  which  every  effort  was  made  to  administer  10  jj^m. 
]H‘r  tlay  of  siMlium  salicylate.  The  drnjr  was  not  often  jjiven  intravenously 
in  the  .Vriny,  hut  sijjrniHcant  to.xicity  was  fmiuently  encountered. 

The  other  important  phase  of  the  treatment  of  rheumatic  fever  involveil 
rest  and  this  was  ivjrularly  utilized  hut  in  widely  differinjr  degrees.  Strict 
lied  rest  over  long  jieriiMls  of  time  and  until  all  clinical  and  lalioratory  signs 
of  activity  had  vanisheil  was  usual.  Often,  fantastic  limitations  of  activity 
were  im|iostMl,  and  patients  wei'e  forhiilden  to  feed,  wash,  or  shave  them¬ 
selves  for  many  weeks.  .\s  late  as  1944,  War  Department  Technical  Bulletin 
(TB  MED)  97,  dateil  29  Septemlier,  warned  that  the  head  of  the  lied  should 
not  1)6  raiseil  during  the  period  of  active  disease,  since  absolute  recumliency 
was  lielieved  to  l>e  an  im()ortant  phase  of  treatment.  No  chemoprophylaxis 
of  strept<H‘oc<’al  infections  was  undertaken  liefore  1944. 

The  ivs|H)nst*  to  ivst  and  the  administration  of  salicylates  in  these 
patients  was  almost  always  excellent.  Fever  and  arthritis  regularly  melted 
away  so  that  the  patients  ordinarily  felt  very  well  within  2  to  ii  weeks,  and 
I’estrictions  to  he<l  l)ecame  difficult.  More  prolongi*d  and  difficult  illnesses 
did  occur,  particularly  in  the  pivsence  of  jiericarditis,  hut  such  cases  ac¬ 
counted  for  less  than  5  |iercent  of  the  total.  Heart  failure  was  virtually 
unknown  and  its  management  was  not  a  significant  problem.  Only  1  death 
line  to  rheumatic  fever  with  heart  failui’e  «HM*urred  in  1,470  cases  admitteil 
to  convales»*ent  <-enters  (table  iW)-  The  only  data  in  regard  to  the  duration 
of  lalM)ratory  evidence  of  activity  aiv  from  the  Torney  (ieneral  Hospital 
exjierience.  The  erythna-yte  si>dinientation  rate  (Wintrolie)  liecame  normal 
in  an  average  of  11.2  weeks.  It  was  elevated  for  moiv  than  4  weeks  in 
r)9  {lercent  and  for  more  than  9  weeks  in  .‘U  percent  of  401  cases.  Abnormal 
rates  |H‘rsisted  for  more  than  .5  months  in  only  12  percent. 

Treatment  of  early  rheumatic  fever  was  doubtless  much  l)etter  stand¬ 
ardized  after  SeptemlaM’  l!t44  when  TB  MKD  97  was  published.  This 
ilirective  tvconunended  about  1  month  of  IhmI  vest  at  the  station  hospital 

followed  bv  transfer  to  a  convalescent  center  bv  air.  .SMlium  salicvlate  was 
•  •  • 

to  1)6  given  in  a  dose  of  Ifi  gm.  iluring  the  first  24  hours,  followed  by  10  gm. 
per  day.  High  blooil  levels  of  the  drug  weiv  doubtless  attained,  but  toxicity 
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must  have  been  commonplace  with  this  regimen.  Continuous  prophylaxis 
with  daily  administration  of  a  sulfonamide  was  directed. 

The  usual  treatment  of  rheumatic  fever  with  prolonged  and  often  abso¬ 
lute  bed  rest  until  clinical  and  laboratory  evidence  of  quiescence  was  obtained 
produced  results  which  were  not  entirely  satisfactory  because  cardiac  neu¬ 
rosis  was  a  frequent  complication.  One  group  working  at  an  Air  Force 
center  utilized  early  ambulation  in  the  ti*eatment  of  100  patients,  con¬ 
tinuing  the  administration  of  salicylates.  The  I’esults  were  impressive  in 
that  the  disease  process  subsided  in  the  exj^ected  time  without  any  inci’ease 
in  the  incidence  of  chronic  valvular  heart  disease.  The  experience  of  the 
author  and  his  associates  was  similar  in  unpublished  studies  of  a  smaller 
group  of  patients. 


LATE  TREATMENT  AND  RESULTS 

It  was  not  until  the  middle  of  1044  that  much  information  became  avail¬ 
able  in  regsird  to  the  course  of  rheumaric  fever  in  patients  in  the  Army  after 
the  first  few  weeks  of  illness.  Prior  to  this  time,  patients  were  separated 
from  service,  returned  to  duty  after  the  disesise  had  become  quiescent,  or 
forwarded  to  a  general  hospital.  In  the  experience  of  the  author,  the  first 
two  events  usually  took  place  after  about  6  months  of  treatment.  Transfer 
to  a  general  hospital  was  i-eserv’ed  for  the  very  few  patients  whose  disease 
was  not  ameliorated  promptly  or  in  whom  the  diagnosis  was  in  doubt. 

In  Army  Air  Forces  TjCtter  25-7,  dated  29  April  1944,  the  Army  Air 
Forces  designated  seven  regional  hospitals  as  rheumatic  fever  convalescent 
centers;  namely,  AxVF  Regional  Station  Hospital  No.  1,  Miami  Area,  Coral 
Gables,  Fla.;  Orlando  Army  Air  Base,  Fla.;  Keesler  Field,  near  Biloxi, 
Miss.;  Davis-Monthan  Field,  Tucson,  Ariz.;  Las  Vegas  Army  Air  Field, 
Nev.;  Hammer  Field,  Calif.,  and  Santa  Ana  Army  Air  Base,  Calif.  In  Sep¬ 
tember  1944,  the  Army  Service  Forces  followed  suit  and  Birmingham,  Torney, 
and  Foster  General  Hospitals  were  so  designated.  All  of  these  were  in  the 
southern  part  of  the  Imited  States?.  The  directives  stated  that  patients  were 
to  l)e  treated  for  about  1  month  by  bed  rest  and  heavy  salicylate  therapy 
at  the  station  hospital.  At  this  time,  it  was  anticipated  that  the  acute  mani¬ 
festations  of  the  disease  would  have  subsided,  and  the  patient  was  to  be 
transferred  by  air  to  the  center  for  additional  rest  and  eventual  rehabilita¬ 
tion.  The  number  of  available  ambulance  planes  was  not  great,  and  it  is 
not  known  how  often  this  technicpie  was  employed.  In  the  absence  of  air 
transport,  patients  were  to  be  kept  at  the  station  hospital  until  fully  con¬ 
valescent  and  able  to  travel  by  train.^* 


IS  Robertson.  H.  F..  Schmidt.  R.  E..  and  Fcirlng.  W. ;  The  Therapeutic  Value  of  Early  Physical 
■Vctivlt.v  in  Rheumatic  Fever.  News  Letter,  .Army  Air  Forces  Rheumatic  Fever  Control  Program, 
vol.  2,  No.  10,  p.  17,  October  1045. 

!■*  Army  Service  Forces  Circular  No.  360,  1  Nov.  1944. 
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Very  foinplete  statements  uIkmU  the  o{M‘ruti(>i)s  of  the  ^nerul  hospital 
centers  have  lH*en  prestM'ved.*’’  and  the  followinj;  iin|H)rtant  facts  aL)OUt  the 
late  etfe<*ts  of  rlienmatic  fever  in  tr(H>ps  have  been  obtained  from  them 
in  addition  to  those  that  weiv  used  earlier  in  describing;  the  nature  of  the 
acute  illness. 

('omplete  recovery  without  residua  was  the  rule  in  these  cases  of  rheu¬ 
matic  fever  in  younjr  adults.  C'hronic  valvular  heart  diseas«‘  was  the  most 
stM'ious  compli(*at ion.  Table  .T5  shows  that  aortic  insufficiency  was  demon¬ 
strated  in  from  o.U  to  |)ercent :  mitral  stenosis  in  2.r>  to  S.4  {wrcent :  and 
mitral  instifficiency  in  from  ll.S  to  4r».(>  |H‘rcent  of  all  cases.  Thi'ee  diffic\d- 
ties  arise  in  interpreting;  tliese  data.  One  pertains  to  the  varyin*;  diaj;nostic 
criteria  that  were  applied,  particularly  in  the  recognition  of  mitral  insuffi¬ 
ciency.  It  is  evitlent  that  these  criteria  were  difficult  to  establish.  They  were 
less  ri{;orous  at  Torney  (General  Hospital  than  at  the  other  two  centei's.  A 
secoiul  stems  from  the  fact  that  medical  officers  at  the  centers  attributed  all 
of  the  valvular  disease  piestmt  at  the  time  of  dismis.sal  fnun  the  hospital 
to  the  current  episode  of  rheumatic  fever.  'Fhere  were  many  instauce.s,  as 
alrea<ly  imlicated,  when  si<;nificaut  murmurs  were  prestmt  at  the  onset  of 
the  illness.  'I'hest*  were  certainly  the  result  of  previous  attacks,  the  si^ns 
havinj;  been  missetl  <lurinj;  the  induction  physical  examination.  No  satisfac- 
t(u\v  data  |)ermittinj;  detailed  analysis  of  this  importatit  j)oint  are  available. 
A  third  difficulty  ari.ses  from  the  fact  that  the  period  of  followup  was  short 
since  it  is  known  that  clinical  evideiu’e  of  rheumatic*  valvular  heart,  di.sease 
appears  slowly  and  irrej;ularly  after  an  actite  rheumatic  episode. 

One  excellent  study  of  1A*»  patients'”  has  provided  vahiable  information 
as  t(»  the  outcome  after  a  period  of  ob.s(>rvat  ion  of  4  to  S  years.  Followup 
physical  examinations  revealed  no  abnormalities  in  7o.4  percent.  An  addi¬ 
tional  U5.  or  ll.S  per<*ent.  had  only  an  apical  systolic  murmur,  believed  by 
the  author  to  indicate  the  pre.sence  of  mitral  insufficiency.  It  is  probable 
that  few  of  this  latter  j;roup  had  si};nilicant  valvidar  disease.  Mitral  ste¬ 
nosis.  or  aoi*tic  .stenosis,  or  insufficiem*y  were  discovered  in  oidy  I'i.S  percent 
of  these  patient.s.  It  has  been  su<;j;ested  that  not  all  of  these*  lesions  weix* 
the  result  of  the  rheumatic  fever  whic'h  occurred  durinj;  military  se^rvice. 
Only  three  of  the  entire  j;roup  had  delinite  enlarj;ement  of  the  heart  and 
none  showed  evidence  of  cardiac*  insufficiency.  The  sif;ns  clescrileed  above 
had  lM*en  present  at  the  termination  of  the  rheumatic  attack  iu  all  but  one 
case.  Thus,  there  had  been  an  extraordinarily  low  inciclenc*e  of  pro<;ression 
of  hc'art  clisc>ase  durinj;  this  lonj;  period  of  observation.  Of  the  <;roup.  la. 
or  11  percent,  had  experienced  a  rheumatic  recurrenc*e  sinc*e  separation  from 
the  servic*e.  Chemoprophylaxis  was  not  employed  in  any  case. 

It  is  clisturbinj;  to  learn  that  delinite  heart  c*on.sciousne.ss,  or  neuroc*irc*ula- 
tory  asthenia,  as  eviclenc*ecl  by  prec*ordial  pain,  dyspnea,  and  palpitation  was 

ir>  See  footnote  11,  p.  22!*. 

Kncrleman.  K.  I*..  Hollister.  I..  K..  iiihI  Kolb.  K.  O.  :  Sequelne  of  Rlieiiniiitic  Fever  in  Men  : 
Four  to  Kiplit-Year  Follocv-l'|>  Stnd.v.  loii:  11.'54  1  Hi).  24  Jiil.v  11).'»4. 
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present  in  one-third  of  tliese  patients.  Anxiety  neurosis  was  a  more  common 
complication  of  rheumatic  fever  in  these  individuals  than  valvular  heart 
disease.  Only  a  few  of  the  .study  group  descril>ed  were  disabled  and  nearly 
all  w’ere  in  school  or  were  employed. 

It  is  generally  believed  that  clinical  recovery  from  rheumatic  fever  is 
acconipanied  by  complete  disappearance  of  pain  in  the  joints.  It  is  of  great 
interest  that  this  was  not  so  in  the  Army.  Persistent  arthralgia  was  com¬ 
monplace,  having  been  noted  in  50  to  tJO  percent  of  the  cases  and  having  con¬ 
tinued  for  as  long  as  (i  years.*’  Physical  ami  roentgen  examination  of  the 
joints  never  revealed  any  abnormalities  after  the  first  few  weeks  of  the  illness 
during  which  time  effective  salicylate  therapy  was  instituted.  The  residual 
pain  was  ofteii  very  disturbing  to  the  affected  individuals  and  interfered  with 
resumption  of  their  normal  activity. 

RECONDITIONING 

Formal  programs  for  the  recomlitioning  of  convalescent  cases  of  rheu¬ 
matic  fever  wei-e  not  introduced  in  the  Army  until  1944  when  treatment  cen¬ 
ters  w'ere  established.  Hefore  this  time,  the  station  hospitals  in  areas  where 
the  disease  was  common  were  completely  lacking  in  facilities  for  this  purpose. 
Neither  space,  personnel,  nor  a  suitable  climate  were  available.  This  serious 
lack  was  an  important  contributing  factor  w’hich  led  to  the  frequent  appear¬ 
ance  of  cardiac  neurosis.  After  the  Army  Service  Forces  and  the  Army  .Vir 
Forces  established  centers,  the  situation  improved  greatly.  Men  were  moved 
to  these  establishments  fairly  early  in  the  disease,  usually  during  the  second 
or  third  month  of  illne.ss. 

Each  of  the  centers  located  in  general  hospitals  developed  an  elaborate 
program  of  supervised,  graded,  and  gradually  increased  activity  for  con¬ 
valescent  patients.  The  official  reports  speak  in  glowing  terms  of  the  effi¬ 
ciency  of  these  techniqiies.  Complete  recovery  was  hastened  and  cardiac  neu¬ 
rosis  minimized.**  Reconditioning  was  also  an  important  aspect  of  the  tresit- 
ment  at  the  Army  Air  Forces  rheumatic  fever  centers,***  but  information  almut 
results  was  not  preserved.  A  formal  study  of  the  problem  which  was  con¬ 
ducted  in  the  physical  fitne.ss  laboratory  at  Randolph  Field,  Tex.,  demon¬ 
strated  that  early  activity  proved  to  be  safe  and  beneficial  when  accomplished 
with  careful  guidance  and  under  the  control  of  fitness  tests.^® 

17  (1)  See  footnote  16,  p.  2.34.  (2)  Starr,  M.  P.,  and  Kiinbro.  R.  W. ;  Residual  Arthralgia  In 

Rheumatic  Fever  Patients.  News  Letter,  Army  .Mr  Forces  Rheumatic  Fevr^r  Control  ProRrani.  vol.  2, 
No.  2.  pp.  17-21.  February  1945. 

18  See  footnote  11,  p.  229. 

10  Brshler,  I.  :  Convalescent  Program  for  Rheumatic  Fever.  News  Letter.  .\rmy  -Mr  Forces 
Rheumatic  r'ever  Control  Program,  vol.  2.  No.  1,  p.  1,  January  194,5. 

20(1)  Karpovich.  P.  V.:  Physical  Reconditioning  of  Rheumatic  Fever  Patients.  News  lA'tter, 
.\rmy  Air  Forces  Rheumatic  Fever  Control  Program,  vol.  2,  No.  4,  p.  14,  -April  1945.  (2)  Karpo¬ 

vich.  P.  V..  Starr.  M.  P..  Kimbro,  R.  W.,  Stoll,  C.  G.,  and  Weiss,  R.  A.  :  Physical  Conditioning 
■After  Rheumatic  Fever.  [Official  record.] 
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DISPOSITION 

The  i)roblein  of  disposition  of  patients  who  laid  had  rheumatic  fever  was 
a  knotty  one  during;  the  early  years  of  World  War  II,  and  formal  jruidance 
was  not  provided  by  The  Snrjieon  General.  Each  hospital  made  its  own 
])olicy  based  on  the  experience  of  its  medi(‘al  officers.  In  general,  men  were 
retained  in  service  after  recovery  if  there  was  no  evident  I’esidual  cardiac 
damage.  Often,  the  severity  of  initial  illness  was  also  considered.  Some  hos¬ 
pitals  were  separating  all  men  in  whom  the  diagnosis  of  rheumatic  fever  was 
made  because  it  was  l)elieved  that  the  chance  of  recurrence  was  too  great  if 
these  individuals  were  retained  in  the  service.  An  attempt  was  made  to 
make  the  policy  more  uniform  by  the  publication  of  Circular  I^ettei-  No.  144 
by  the  Office  of  the  Surgeon  General  on  7  August  1943.  Discharge  was  recom¬ 
mended  for  all  men  with  residual  cardiac  damage  and  retention  in  service  of 
all  others  who  had  fully  recovered.  This  policy,  in  the  experience  of  the 
author,  was  not  closely  followed  by  officers  in  the  Held  who  frequently  tailored 
it  to  fit  individual  cases. 

Army  Air  Forces  Letter  25-7  defined  the  disposition  of  rheumatic  fever 
])atients  in  the  Army  Air  Forces  and  stated  that  those  who  had  made  a  com¬ 
plete  recovery  without  residua  shotild  l)e  returned  to  full  duty.  Those  with 
evidence  of  cardiac  damage  were  to  be  discharged  unless  they  possessed  special 
skills  in  which  case  they  could  be  retained  in  the  service  and  marked  for  lim¬ 
ited  duty.  Various  special  situations  were  also  considered  in  detail.  Data 
on  disposition  of  410  cases  of  rheumatic  fever  by  an  Army  Air  Forces  center 
show  that  5.”>  percent  were  retunied  to  duty.  Of  those  dis<‘harged.  67  percent 
had  had  a  recurrent  attack  or  activity  continuing  for  more  than  3  months. 
Only  23  percent  were  separated  from  service  because  of  residual  cardiac 
changes.  This  was  less  than  10  percent  of  the  whole  treatment  group.  No 
comparable  directives  from  the  Army  Service  Forces  have  come  to  the  atten¬ 
tion  of  the  author,  and  it  is  of  interest  that  the  official  publication  on  rheu¬ 
matic  fever,  TB  ]MED  97,  does  not  discuss  the  important  problem  of  disposi¬ 
tion;  this  was  to  be  the  subject  of  a  subsequent  directive  which  was  never 
issued. 

Fniforin  disposition  was  not  accomplished  even  by  the  three  general 
hospitals  which  served  as  rheumatic  fever  treatment  centers.^'  At  Birming¬ 
ham  General  Hospital,  the  advice  given  in  Circular  I.,etter  No.  144  was  fol- 
loAved  until  September  of  1945,  and  approximately  50  percent  of  the  patients 
were  discharged,  the  remainder  being  returned  to  limited  duty.  After  that 
date,  any  evidence  of  carditis  was  accepted  as  grounds  for  separation.  This 
included  more  than  80  percent  of  all  cases.  The  staff  at  Foster  General  Hos¬ 
pital  formulated  its  own  policy  and  discharged  all  patients  with  multiple 
attacks  of  rheumatic  fever  in  1  year,  those  with  any  cardiac  residua,  and  those 
whose  disease  remained  active  for  more  than  3  months.  Approximately  50 


21  See  footnote  11.  i>.  229. 
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percent  of  cases  assigned  to  this  'lospital  received  certificates  of  disability  for 
discharge.  The  medical  officei  in  charge  of  the  rheumatic  fever  center  at 
Torney  General  Hospital  believed  that  troops  who  had  had  rheumatic  fever 
were  unsuitable  for  further  military  service  because  of  the  great  risk  of  re¬ 
currence.  He  arbitrarily  recommended  80  percent  of  them  for  discharge. 

In  retrospect,  it  is  difficult  to  understaml  why  a  uniform  policy  for  dispo¬ 
sition  of  rheumatic  fever  patients  was  not  established  for  the  Army  Service 
Forces  hospitals  by  The  Surgeon  General.  The  varying  criteria  for  dis¬ 
charge  from  the  service  were  unfair  to  the  patients  and  created  a  sense  of 
frustration  and  insecurity  among  the  responsible  medical  officers  who  were 
constantly  in  doubt  as  to  the  proper  course  to  follow. 

CONTROL 

Rheumatic  fever  control  programs  were  not  undertaken  by  the  Army 
Service  Forces,  although  intensive  research  was  carried  out  by  the  commis¬ 
sions  working  under  the  auspices  of  the  Army  Epidemiological  Board;  cen¬ 
ters  for  care  and  rehabilitation  were  established. 

The  Army  Air  Forces,  on  the  other  hand,  originated  a  full-scale  rheu¬ 
matic  fever  control  program  under  direct  authority  from  the  Commanding 
General,  Army  Air  Forces,  in  the  fall  of  194?i.  Its  objectives^-  were  (1) 
recommendations  for  the  use  of  sulfonamide  prophylaxis  for  the  control  of 
respiratory  infections  and  rheumatic  fever,  (2)  adoption  of  uniform  stand¬ 
ards  for  the  diagnosis  of  rheumatic  fever,  (3)  coordination  and  standardi¬ 
zation  of  bacteriological  techniques  in  the  study  of  the  hemolytic  Shrpto- 
co(‘cus,  (4)  establishment  of  a  unifoi'm  convalescent  program  and  followup 
studies  on  positive  and  suspected  cses  of  rheumatic  fever,  and  (5)  consid¬ 
eration  of  special  projects  and  investigations  at  various  Army  Air  Forces 
posts. 

All  of  these  goals  were  accomplished  with  varying  degrees  of  .success. 
The  greatest  activity  was  in  the  area  of  study  and  control  of  streptococcal 
infection  under  objectives  1,  3,  and  5.  This  work  has  been  described  in 
detail  elsewhere.^  Uniformity  of  diagnosis  and  treatment  was  accomplished 
partly  by  educational  activities  directed  toward  the  staffs  of  station  hos¬ 
pitals,  but  more  directly  by  the  creation  of  centers  for  the  care  of  patients 
with  rheumatic  fever  and  the  use  of  air  transport  permitting  transfer  to 
these  institutions  at  an  early  stage  of  the  disease.  Much  was  accomplished 
b\'  the  wide  distribution  of  a  monthly  newsletter  published  at  the  AAF  Re¬ 
gional  Hospital,  Mitchel  Field,  Long  Island,  X.Y.,  with  the  support  of  the 
Josiah  Macy,  Jr.  Foundation  of  New  York  and  edited  by  Capt.  (later  Maj.) 
Charles  A.  R.  Connor,  MC. 


22  The  Denver  Conferenoe.  News  Letter,  .triiiy  .Vir  Forces  Rheiinintic  Fever  Control  Program, 
vol.  1.  No.  1,  |).  '2.  August  191-t. 

^  See  f'<M>tni>te  S.  i>.  *J‘2S. 


238 


INFECTIOUS  DISEASES 


Endless  debate  eontinned  at  various  levels  throughout  *  war  in  re¬ 
gard  to  the  advisability  of  refusing  induction  to  individuals  with  a  past 
history  of  rheumatic  fever  l>ecause  the  number  of  such  persons  who  devel¬ 
oped  recurrences  of  the  disease  was  high.  Mobilization  Kegidations  No.  1-9 
was  variously  modified.  Between  August  1940  and  April  1944,  active  acute 
rheumatic  fever  or  veritieil  recurrent  attacks  of  the  disease  in  the  past  placed 
a  man  in  the  unacceptable  group.  The  latter  history  w'as  clearly  not  sought 
adequately  by  e.xamining  physicians  at  induction  station.s.  In  April  1944, 
the.  order  was  changed  to  inchule  active  acute  rheumatic  fever  and  verified 
single  or  recurrent  attacks  within  2  years.  This  order  was  not  wtII  designed 
since  a  definite  attack  of  rheumatic;  fever  has  the  same  significance  at  any 
time  in  the  life  of  the  individual.-^ 

RESEARCH 

Clinical  inve.stigation  of  many  phases  of  rheumatic  fever  was  under¬ 
taken  at  numerous  hospitals.  The  large  amount  of  clinical  material  avail¬ 
able  to  many  highly  skilled  investigators  permitted  the  rapid  accumulation 
of  information  in  regard  to  diagnosis,  course,  and  treatment.  Many  reports 
of  these  studies  were  published  but  will  not  be  reviewed  here.  The  lack  of 
special  facilities  in  installations  other  than  those  specially  supported  by  the 
Army  Air  Forces  Rheumatic  Fever  Control  Program  or  by  the  commissions 
of  the  Army  Epidemiological  Board  prevented,  for  the  most  part,  any  fun¬ 
damental  work  by  these  groups. 

SUMMARY 

Rheumatic  fever  was  a  common  disease  in  the  Army  during  World  War 
II,  particularly  in  certain  geographic  areas.  It  was  observed  in  all  degrees 
of  severity,  but  the  disease  responded  well  to  rest  and  the  administration  of 
salicylic  acid  and  its  derivatives.  The  course  was  usually  monocj'clic,  and 
recovery  in  all  but  a  few  cases  was  complete  within  a  few  months.  Valvular 
heart  disease  was  a  gratifyingly  uncommon  complication.  The  major  prob¬ 
lems  encountered  were  those  concerned  with  development  of  cardiac  neurosis 
which  was  caused  by  overly  severe  restriction  of  activity,  apprehension  on 
the  part  of  the  medical  officers  in  charge,  and  inadequate  programs  for  con¬ 
valescent  rehabilitation.  This  situation  was  greatly  improved  during  the 
last  2  years  of  the  war  by  the  creation  of  treatment  centers. 

Investigation  of  many  aspects  of  the  prevention  and  management  of 
rheumatic  fever  was  carried  out.  Much  pertained  to  the  study  of  the  close 
relationship  between  infection  by  group  A  hemolytic  streptococci  and  the 
rheumatic  state  and  to  measures  for  the  control  of  streptococcal  infection. 

24  It  in  (■(■rtain  that  .voung  ailiiltH  who  havo  had  rheumatic  fever  are  more  likely  to  experience 
recurrences  when  exposed  to  streptococcus  infection  during  military  service  than  are  nonrheumatics. 
They  should  be  identified  with  care  at  the  time  of  induction  and  a  chemoprophylactic  regimen  insti¬ 
tuted  at  once.  This  siioul<l  itermit  them  to  contribute  fully  to  the  military  effort. 
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Meningococcal  Infections 

Worth  B.  Daniels,  M.D. 

HISTORICAL  NOTE 

Outbreaks  of  meningococcal  infection  are  known  to  have  occurred  dur¬ 
ing  all  wars  since  the  illness  was  first  described  by  Vieusseux  ‘  in  1805.  Im¬ 
portant  milestones  in  the  development  of  knowledge  of  this  disease  can  be 
briefly  summarized.  The  i.solation  of  the  causative  agent  by  Weichselbaum  ^ 
in  1887  led  to  a  search  for  a  specific  cure.  Flexner  and  Jobling®  thought 
that  the  antiserum  prepared  by  them  at  the  Rockefeller  Institute  in  1908 
favorably  modified  the  course  of  the  disease. 

Within  1  month  of  mobilization  in  World  W’^ar  I,  the  annual  rate  of 
admission  to  hospital  for  white  enlisted  men  in  the  United  States  reached 
1.71  per  1,000  troops,  and  within  7  months  an  explosive  outbreak  of  menin¬ 
gococcal  meningitis  had  begun  (chart  12).  In  January  1918,  the  rate  had 
risen  to  a  peak  of  4.48  per  1,000.^  This  epidemic  afforded  Herrick®  an 
opportunity  to  study  the  use  of  antiserum  under  controlled  conditions  and 
to  make  observations  on  pathogenesis.  His  studies  indicated  that  antiserum 
given  intravenously  reduced  the  mortality  in  patients  with  bacteremia  and 
in  those  with  meningitis.  In  spite  of  the  use  of  meningococcal  antiserum, 
however,  th.ere  were  1,836  deaths  among  approximately  5,900  cases  (31  per¬ 
cent  case  fatality  ratio)  among  troops  throughout  the  IJ.S.  Army  in  a  period 
of  33  months  during  and  immediately  following  AVorld  War  I.®  Herrick’s 
studies  clearly  showed  that  meningitis  does  not  develop  as  the  result  of 
extension  from  the  nasopharynx  but  begins  as  bacteremia  with  later  locali¬ 
zation  in  the  meninges,  joints,  and  other  ti.ssues.  This  concept  has  greatly 
influenced  treatment  and,  together  with  the  development  of  the  sulfonamides, 
has  been  a  factor  in  lowering  the  death  rate. 


1  Vieusseux.  M.  :  M^molre  sur  la  Maladie  qul  a  regne  ft  G4nftve  nu  piintemps  de  1805.  J.  de 
m^d..  chir.  et  pharmacol.  11  :  163-182,  1805. 

2  Weichselbaum,  A. :  Uebor  die  Aetiologie  der  akiiten  Meningitis  cerebro-spinalis.  Fortschr.  d. 
Med.  Berlin  5;  (No.  18).  573-583,  15  Sept.  1887;  ibid.,  5;  (No.  19).  620-626,  1  Oct.  1887. 

3  Flexner.  S.,  and  Jobling.  J.  W.  :  Serum  Treatment  of  Epidemic  Cerebrospinal  Meningitis. 
J.  Exper.  M.  10;  141-203,  January  1908. 

*  The  Medical  Department  of  the  United  States  Army  in  the  World  War.  Washington  :  U.S. 
Gorernment  Printing  Office,  1928,  vol.  IX,  pp.  203-221. 

5(1)  Herrick,  W.  W.  ;  The  Epidemic  of  Meningitis  at  Camp  Jackson.  Preliminary  report. 
J.A.M.A.  70:  227,  26  Jan.  1918.  (2)  Herrick,  W.  W. :  Early  Diagnosis  and  Intravenous  Serum 

Treatment  of  Epidemic  Cerebrospinal  Meningitis.  J.A.M.A.  71:  612-617,  24  Aug.  1918.  (3)  Her¬ 

rick,  W.  W.  :  The  Intravenous  Serum  Treatment  of  Epidemic  Cerebrospinal  Meningitis.  Arch.  Int. 
Med.  21  :  541-563.  April  1918. 

6  See  footnote  4. 
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INFECTIOUS  DISEASES 


Chabt  12. — Admissions  to  Anni/  hospitals  for  meningoc<MTul  infeHktns  among  troops 
in  the  continental  United  iitates,  by  month.  World  War  I  ‘  and  World  War  II  * 

[Rate  ex|)re«»ied  ax  uunitMT  of  caaeH  {ler  anniiiii  |H*r  1,(>00  uveraije  atrength] 
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t  The  World  War  I  rates  represent  primary  admissions  only  and  are  limited  to  white  enlisted 
men.  These  rates  are  from  indiridual  medical  records  as  published  In  the  official  history  of  World 
War  I. 

2  The  World  War  II  rates  comprise  secondary  cases  as  well  as  admissions  and  are  preliminary, 
based  on  the  statistical  health  reports. 

Sulfanilamide  early  proved  to  be  a  highly  effective  agent  in  the  therapy 
of  these  infections^  In  1940-41,  during  the  outbreak  in  Halifax,  Nova 
Scotia,  Dingle  and  his  coworkers*  showed  the  effectiveness  of  sulfadiazine 
in  a  small  group  of  patients. 

7  Schwentkpr.  F.  F.,  Gelman,  S.,  and  I^ong.  P.  H. :  The  Treatment  of  MenlnKococclc  Meningitis 
With  Sulfanilamide:  Preliminary  Report.  J..\.M..\.  108:  1407-1408,  24  Apr.  1037. 

s  Dingle,  J.  H..  Thomas.  L.,  and  Morton,  A.  R. :  Treatment  of  MeninKoeoeclc  Meningitis  and 
Menlngococcaemla  With  Sulfadiazine.  J.A.M.A.  116:  2666-2068,  14  June  1941. 
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INCIDENCE  DURING  WORLD  WAR  II 

In  World  War  II,  mobilization  began  with  the  federalization  of  the 
National  Guard  in  September  15)40,  and  the  induction  of  large  numbei-s  of 
selectees  followed  shortly.  For  over  2  years,  only  sporadic  cases  of  men¬ 
ingitis  occurred  in  troops.  In  December  1942,  closely  following  an  increase 
of  respiratory  disease  in  the  late  fall,  the  incidence  of  meningococcal  infec¬ 
tions  rose  sharply  throughout  Army  installations  in  the  United  States.  By 
March  1943,  the  outbreak  had  assumed  severe  proportions,  and  the  incidence 
rate  had  reached  2.9  per  1,000  troops  (chart  12).  The  rate  among  newly 
inducted  soldiers  was  from  5  to  10  times  greater  than  among  soldiers  with 
a  year  or  more  of  Army  service.  At  one  post,  where  crowding  among  new 
inductees  was  excessive,  the  weekly  rate  rose  to  42.2  per  1,000  per  annum.® 

Throughout  1943,  the  year  of  most  numerous  caser,  data  based  on  indi¬ 
vidual  medical  records  show  that  7,083  patients  were  admitted  to  hospitals 
with  meningococcal  infections;  6,370  of  these  developed  the  illness  in  the 
United  States,  The  incidence  rate  per  1,000  per  annum  was  1.0  for  the  total 
U.S.  Army,  1.2  for  troops  in  the  United  States,  and  0,4  for  troops  overseas. 

For  the  year  1943,  in  the  United  States,  the  statistical  health  report 
rates  per  1,000  per  annum  by  service  command  are  as  follows: 


Service  Command  Rate 

First  _ 1.2 

Swond _  1.6 

Third _ 1.4 

Fourth  _  1.0 

Fifth  _ 1.3 

Sixth _ 1.0 

Seventh  _  1.3 

Eighth  -  .8 

Ninth  _  1.0 


The  incidence  of  meningitis  (0.8  per  1,000  per  annum)  in  the  European 
Theater  of  Operations,  LT.S.  Army,  during  1942  was  gieater  than  among 
troops  in  the  United  States.  During  1943,  the  rate  in  the  Phiropean  theater 
remained  about  the  same  (0.9).  In  other  oversea  theaters,  the  rates  in  gen¬ 
eral  rose  somewhat,  but  no  significant  outbreaks  occurred. 

During  September  and  October  15)43,  the  incidence  of  meningococcal 
infections  among  Army  troops  in  the  United  States  fell  nearly  to  the  pre¬ 
epidemic  level,  A  rise  to  a  second,  less  elevated,  peak  began  in  tlie  winter 
of  1943-44,  with  return  to  the  preepidemic  rate  by  summer.  It  is  of  some 
interest  that  the  peak  of  the  second  rise  (1.1  per  1,000  in  February  1944) 
came  11  months  after  the  height  of  the  epidemic  (2.9  in  March  1943),  table 
34.  In  World  War  I,  the  second  peak  (1.2  admissions  per  1,000  for  white 
enlisted  men  in  October  1918)  occurred  9  months  after  the  first  peak  (4.5 

0  Sartwell,  P.  E.,  and  Smith.  W.  M.  :  Epidemiological  Notes  on  Meningococcal  Meningitis  in  the 
Army.  Am.  J.  Pub.  Health  34  :  40-49,  .Taniiary  1944. 
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in  January  lOlH).’"  Tlie  serond  rise  in  incidence  ainon^  troops  in  the  Ihiitetl 
States  thirin^r  World  War  II  wais  as  intense  as  that  which  (Krurred  during; 
World  War  I.  and  was  nioiv  sustained.  Attention  is  called  to  this  la'canse 
sulfonamides  were  widely  used  jarophyhictically  in  the  fall  and  winter  of 
14.  followinjr  distribution  of  ('ircular  I^etter  No.  170,  Office  of  the 
Surjreon  (Jeneral,  I’.S.  Army,  dsited  -‘10  Septemlaer  11)4^5.  This  letter  e.stah- 
lished  as  Army  policy  the  iidministration  of  sulfadiazine  to  all  newly  in¬ 
ducted  soldiers  durinj;  the  .seaisons  when  respiratory  diseases  were  prevalent 
(chart  12). 

Ajiain,  durinjur  the  winter  months  of  1044-40.  the  admissions  to  hospital 
rose,  hut  to  a  much  less  decree  than  durinj?  the  previous  winters. 


Tabi.k  :t4.  Incidrncr  and  dnithti  due  to  menitujoroceal  infections.  I'.S.  .{rmi/.  World  War  I 

and  World  llVir  J 1 


IVriod  ! 

1 

NuiiiImt  I 

of  ClkSf.S 

[  .Vuinlx'r 
of  death.'! 

Ciw 

1  fat  ility 
ratio 

iViik  of  incidctitr  in  the  I'nitett 
Stiiti'S  > 

(Tllt) 

IVriod  j 

KaU'> 

World  War  I  (.Vpril  1917-  Dcci'iubcr 
1919): 

('oiitiiK'iitt  1  I’liitcd  States  . 

1 

»  2,  878 

980  < 

I 

:  j 

}  World  War  1: 

January  1918. 

1 

4.  48 

Total  .Vrtiiy  .... 

«  h,  889 

1.  880 

1  81.  4 

OctolM'r  1918.1 

1.  21 

World  War  11  (Jaiuiary  1942- 
Deeembi'r  194.5): 

Continental  Cnited  States  . . 

10.  019  1 

410 

8.  9 

1  1 

World  War  II: 

March  1948... 

2.  89 

Total  .Army 

18.922 

.5.59 

4.  0 

.March  1944 

1.  14 

<  The  World  War  I  data  nertaln  to  admis.sion.s  for  white  enli.'ited  men  In  the  CnlU'd  StaU's,  when-as  the  World  War  II 
data  represent  incUh'ini-  for  all  .\riny  iM-rsonnel  in  the  Cnited  Stales. 

•  Hati-  expres.s»>d  as  iniinlMT  (mt  annum  [mt  1  .(Min  average  strength. 

s  .\dmi.s.slons  only.  Data  on  s«>eondary  ra.s»‘s  are  availahle  only  for  enlisted  men  in  the  I’nltr'd  Stub's  and  KurofM' 
eomhlned.  Ba.'M'd  on  the  dLstrihutlon  of  admi.ssions  in  the  two  ureas,  the  ineidencr'  iti  the  I’niteil  States  is  )>stimated  at 
S.-MM)  rus<'S. 

<  Coaslsts  of  admi.ssions  in  the  entire  .Army  and  seeondary  ciua's  among  enlisted  len  In  the  I'nlU'd  States  ami  Europe. 
Serondary  oast's  among  ofllet'rs  and  among  enlisted  men  outsitle  the  Cnited  Sbites  and  Kumpt'  art'  not  availahle,  hut  tlie 
incidence  is  estimated  to  Ih'  .A.iMKI  cu-st's  (or  the  t'litire  .Army. 

XoTK.— (1)  Data  for  Worhl  War  1  were  ohtained  from  "The  Medical  Department  of  the  Cnltwl  Stab's  .Army  In  the 
Worltl  War."  Washington:  (lovernment  I’rinting  Office.  llB.'i.  vol.  XV,  j)t.  2.  (2)  Data  for  Worhl  War  II  art'  prelimi¬ 
nary.  CO  The  numht'r  of  di'uths  are  from  compit'b'  (lies  of  indlviiliial  medical  ri'cords,  and  incidenct'  Is  ba.st'd  on  .sample 
tabulations  of  individual  mi'ilicjil  rt'cords,  t'.xct'ftt  for  data  on  fit'nk  inciilence  which  are  from  the  statistical  health  report. 


Durinj;  the  years  1942-45,  in  spite  of  the  availability  of  highly  effective 
tivatment,  meniiigoctK-cal  infections  caused  more  deaths  (559)  than  any 
other  infectious  disease,  except  tuberculosis.  Table  35  shows  the  numlier  of 
deaths  in  the  I'.S.  Army  during  this  period  resulting  from  the  more  serious 
infectious  dist‘ases  and  the  death  rates  from  these  diseases  per  100.000  aver¬ 
age  strength. 

Ill  81*0  footnote  4,  p.  2.'!9. 
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Of  lJi,922  patients  attacked  by  ineninpoeocoal  infections  during^  1942-45, 
only  559  deaths  were  reported — a  case  fatality  ratio  of  4  percent  Durinjr 
World  War  I,  the  ratio  was  nearly  eijrht  times  as  jrreat,  31  i^ercent.  Chart 
13  indicates  the  case  fatality  ratios  in  the  continental  United  States  hy 
month  dnrinji  the  two  wars.  The  ratios  for  World  War  I  are  based  on  white 
enlisted  patients  in  the  continental  United  States. 

RATE 
100 

Chakt  13. — Caxe  fatality  ratios  for  menin- 
govocrul  infvrtions,  by  Months,  in  the  eon- 
tinental  United  States  during  World  TFar 
I  *  and  World  War  II  * 


•  Th<>  World  War  I  ratios  aro  presontod  In  so 
teriiiM  of  niiiiib«‘r8  of  donths  {tor  100  primary  iid- 
miMsioiiM  for  moniiiKocoi-cal  infootioiiH  umont; 
whito  euIlMtod  iiieii  in  tht*  I'liited  Stutps.  Diirint; 

World  War  I  for  all  pnli8tp<l  men  in  the  United 
States,  the  rate  was  (ieaths  per  100  adiiiis- 
.sioits.  or  about  28  deaths  per  100  eases  In  the 
United  States. 

2  The  World  War  II  -ntlos  are  presented  in 
terms  of  numbers  of  deaths  per  100  cases  (prl- 
mary  plus  s«‘condar.v  oases)  among  all  Army  per¬ 
sonnel  in  the  United  States. 

0 


Table  35. — Comparative  mortality  of  certain  infectious  diseases  in  the  U.S.  Army,  194Z-4A 


[Preliminary  data,  pending  publication  of  final  statistics] 

(Rate  expressed  as  numlK-r  of  deaths  per  annum  per  100,000  average  strengtti) 


Cause  of  death 

Kate 

l942-4.'> 

N'unila'r  of  deaths 

1942-45 

1942 

1943 

1944 

1945 

Tuberculosis  ..  _  _ _ —  - 

3.  16 

806 

107 

192 

201 

306 

Meningococcal  infections  -  -  - . 

2.  19 

559 

73 

269 

139 

78 

Bacterial  pneumonia _ -  _ 

1.  59 

404 

51 

121 

117 

115 

Lobar  pneumococcal  pneumonia. _ _ _  — 

1.  41 

358 

51 

121 

91 

95 

Malaria _  _ _  .  —  - 

1.  19 

302 

25 

113 

89 

75 

Scrub  typhus  ___ 

1.  1! 

283 

49 

180 

54 

Poliomyelitis  _  .  --  -  -  -  — 

1.  05 

267 

5 

49 

66 

147 

Infectious  hepatitis  .  ..  -  - 

(■) 

(') 

(■) 

(■) 

68 

191 

Primary  atypical  pneumonia, 

.67 

170 

38 

48 

42 

42 

Diphtheria.  .  - — 

.48 

123 

1 

10 

22 

90 

Amebiasis'... - ...  .  .  .  . 

.  15 

39 

6 

4 

7 

22 

Bacillary  dysentery  ' _ 

.06 

16 

3 

6 

3 

4 

'  Other  infectious  diseases  causing  more  deaths  than  amebiasis  were  .scarlet  fever  (61)  and  syphilis  (70).  Several 
other  infectious  diseases  ranked  higher  than  l)acillary  dysentery  as  a  cause  of  death.  Even  though  amebiasis  and  bacillary 
dysentery  had  low  death  rates,  botli  were  feared  diseases. 
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INFECTIOrS  DISEASES 


Tlie  orjranization  of  inedieal  care  in  the  Army  jiermitted  the  observa¬ 
tion  of  early  cases,  result  in"  in  l)etter  reco"iiition  of  the  various  forms  of 
the  disease.  It  is,  therefore,  proposeci  in  this  chapter  to  describe  the  ditfer- 
ent  forms  that  meninjr<K*occal  infection  assumed  in  soldiers  durinjr  World 
War  II.  indicating;  how  studies  of  the  early  sta};es  contributed  to  knowledjre 
of  its  pathogenesis,  and  to  review  the  methods  and  results  of  treatment 
carried  out  in  Army  installati  t^is. 

PATHOGENESIS 

Inuring  nonepidemic  periods,  the  rate  for  meningococcal  carriers  in 
troops  ranged  from  2  to  10  percent."  In  jieriods  of  epidemic,  carrier  rates 
among  troops  rose  and  in  studies  made  during  the  epidemic  were  reported 
as  ranging  from  23  to  80  |)ercent.'*  The  carrier  rate  was  lowest  among 
newly  inducted  soldiers. 

The  micro-organism  probably  invades  the  body  from  the  nasopharyn.x. 
and  infection  in  this  region  may  or  may  not  be  accompanied  by  evidences  of 
respiratory  infection.  The  subsequent  manifestations  are  those  of  bacteremia 
and  localization.  Observations  during  World  War  II  supported  conclusions 
similar  to  Herrick's  in  World  War  I,  since  they  clearly  indicated  that  the 
course  of  events  consisted  of  invasion  of  the  bloodstream  followed  by  locali¬ 
zation  in  the  meninges,  skin,  or  other  tissues  of  the  body  if  not  prevented 
by  natural  resistance  or  by  therapy.  The  e.\i)erience  of  all  observers  empha¬ 
sized  the  necessity  of  viewing  this  disease  as  a  bacteremia,  which  was  some¬ 
times  overshadowed  by  the  advent  of  the  more  dramatic  symptoms  of  men¬ 
ingitis.  Hy  early  i*ecognition  of  the  bacteremic  stage  and  prompt  institution 
of  treatment,  the  infection  might  be  terminated  before  its  localization  in  the 
meninges  or  before  it  had  become  fulminating.  If  meningitis  or  other  se¬ 
vere  manifestation  did,  notwithstanding,  supervene,  the  chance  of  recovery 
still  was  l)etter  than  in  cases  that  had  not  liad  prompt  treatment.  Wlien 
medical  officers  became  familiar  with  the  disease,  through  experience  in  the 
epidemic,  they  recognized  it  in  the  bacteremic  stage  and  prior  to  the  advent 
of  meningitis  in  as  high  as  30  to  40  percent  of  the  patients." 

MENINGOCOCCAL  BACTEREMIA 

Prodromal  symptoms. — The  i)!i>t-ss  began,  as  a  rule,  with  prodromal 
symptoms  of  disease  of  the  upper  rc^pira  ory  tract.  After  an  indefinite  period 

•  1  IMiikI)'.  J.  H.,  ana  Finland.  M. :  Dlapni  '  '  'nrment  and  I’r»*ventlon  of  MeninRococelc  Menin- 
Ritia.  With  RpHuni<t  of  Fractical  Aspects  of  Tr<''Uiiicnt  of  Other  Acnte  Bacterial  Meningitides.  War 
Med.  2  :  1-58,  January  1042. 

12  Personal  coniniiinlcatioii,  C.  T.  Nelson.  Fourth  Service  Command  I..aboratory.  to  the  author. 
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on  flu*  <*xtivmitit*s,  (111*80  no<lulofi  Ikw  a  strikinj;  ros**iiil»lan<*o  to  tlio  sniullor 
lesions  of  ervtlionia  nodosum.  ()<Tasi<mally.  there  vveiv  iH*li*«-hiae  in  the  t-on- 
jmu’tivae  ami  the  oral  niu«‘<ms  nieinhranes. 

\'arious  ronihinations  of  the  (‘iuaiu‘oiis  manifestations  «N'rnrred:  indeed, 
most  patients  showetl  more  than  one  tyjK*  of  lesion.  'I'he  rash  ap|M*are<l  any¬ 
where  on  the  IhmIv  luit  tisually  spareil  (he  fare  and  was  less  eommon  on  the 
palms  ami  soles.  It  was  often  evitlent  in  erops.  'Phe  maeiilar  lesions  some¬ 
times  rt*eede<l  with  fall  in  tem|M*ratnre.  oidy  to  reappear  as  the  tem|M*ratniv 
ajraiti  rose.  The  rapidity  with  whieh  the  rash  often  aj>jH*aml  made  it  neces¬ 
sary  to  e.xamine  carefully  every  sus|K*cted  patient  at  hotirly  intervals:  in  a 
few  hotirs,  it  could  a»lvauce  from  a  few  va};ue  spots  to  a  widespread  erupt i«>n. 

In  fulminatiuo  hacteremia,  a  widespread  extetisive  e<’chymotic  rash 
developed,  involving,  in  some  patients,  as  much  as  SO  percent  of  the  ImmIv. 
In  a  few  patients,  laroc  areas  of  hemorrhage  develoj»ed  Ix'neath  the  conjtmc- 
tivae  and  in  the  oral  mucous  memhranes.  Some  of  t.he  e<vhymotic  lesions 


lH*«‘ame  vesicular,  and  ulceration  <M‘»-asionally  occurred.  The  rapid  disap|M*ar- 
ance  of  the  ma<‘itlopapular  component  of  the  rash  within  12  to  IS  hours  after 
the  he«rinnin<r  <»f  therapy  with  sulfa<liazine  was  almost  diaf^nostic  of  me- 
nin<r(K*(Kval  hacteremia. 

Other  symptoms. — IIeriM*s  simplex  was  common,  usually  occurrin^r  alKUit 
the  st*coml  day  of  illness,  IIer|M*s  zoster,  involvinjr  the  ophthiilmic  ami  maxil¬ 
lary  branches  (»f  the  fifth  cratiial  nerve,  was  ohst*rved  in  one  jtatient. 

At  admission,  the  temperature  of  patients  with  meninjr<H<)c<*emia  ranjrcd 
from  !)7°  to  KMi®  It  was  generally  In'tween  lOT  and  102°  F. 

I^*uk<K-ytosis  ( 15,()(K)  to  |M*r  cubic  millimeter),  with  an  increast* 

in  indymorphonuclear  celKs,  was  the  rule,  but  in  a  few  patients  the  numlH*r 
of  leuk(H'vtes  was  normal. 


Variations  in  Meningococcemia 

There  was  a  simple  acttte  fonn  of  tnenin;r<M'o<-cemia  with  fever,  malaise, 
painful  joitits,  rash,  and  leukm’ytosi.s.  The  projrress  of  this  ly|>e  couhl  Ik* 
arrested  at  this  stajre  by  therapy  with  sulfadiazine,  as  illustrated  in  cast*  1. 

Case  1. — A  sehller.  auetl  .H4.  laid  tiad  u  sU);ht  cold  fur  uImuU  2  wis'ks  iM'fure  ndinissiuii. 
iMiriii}'  the  afteni<M)n  uf  the  day  lM>fure  adiiiissiuii  he  siiddeiiiy  lM‘^aii  to  find  uiiiisaally 
tinal  and  to  aclie  sill  over.  tlie  id^lit  tie  li.’id  ctdlly  scaisatiutis  alterii.-itiim  with 

feverishness,  and  un  tlie  inurnin:;  uf  the  day  uf  adndssiun  lie  Iiad  a  niuderatidy  severe 
headache,  lie  was  aiaitely.  Imt  nut  s»*riuusly.  ill.  Ilis  face  was  flushed  and  Ids  feniiK>ra- 
ture  was  101  ..3“  F.  There  was  slight  intlaiuinatiuii  uf  the  nuse  and  thruat,  and  a  inacniu- 
paiMilar  rash  (fig.  3."»)  was  scatterinl  uver  the  trunk  and  all  extremitii's.  Xeurulugical 
exaininatiun  gave  entirel.v  tiurinal  r<*siilt.s.  The  leukuc.vtes  nuinlaa'iMl  lO.SOO  |M*r  cubic 
niilliineter.  with  81  jM'rcent  iMd.vniurphuiiuclear  cell.s.  Itiuud  cultured  un  adniissiun  yieldtsl 
tyiM*  I  ineningiM-uccus.  I.uiiibar  puncture  was  nut  dune.  .\s  suun  as  the  hluud  fur  culture 
had  lasai  taken,  sulfarlia/ine  was  given  by  niuuth.  'Pile  teni]>«‘rature  was  nurnial  within 
‘J  ilays.  'Pile  patient  develu|MMl  iiu  signs  uf  iiuMiingiti.s. 
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The  disease  at  times  was  relatively  mild  and  suhac'ute,  so  that  the  fever, 
malaise,  painful  joints,  ami  rash  sujrfrested  rheumatic  fever  or  erythema 
multiforme.  The  following  case  is  illustrative: 

Case  2. — A  soldier,  ugetl  21,  had  l)een  well  jintil  ;{  days  before  adiiiissioii.  when  he 
suddenly  had  a  shaking  chill  wltli  tlie  develoiunent  of  fever,  malaise,  and  sore  throat. 
The  <»id.v  .signitlcant  tindings  were  a  few  erythematous  Idotilu's  on  the  chest  ami  tlie  legs 
and  it  palhahle  sphsMi.  There  wtis  a  continuous  fluctuating  fever  during  tlie  succeeding 
11  diiys.  A  rash  consisting  of  maculiir,  pai>ular.  timl  nodular  lesions,  with  a  few  petts  hiae, 
api>eare<l  in  crop.s.  Tln*se  findings  suggested  erythema  midtiforme  and  erythema  inHlosum. 
Shortly  after  admi.ssion,  redness,  temlernes.s.  and  swelling  of  the  right  ankle  <leveloi)ed. 
The  leukocytes  uuiulMM'tHl  llS.StM)  fs'r  cuhic  millimeter,  with  Ttt  iH*rcent  i»olymorphonuclear 
<-ells.  Many  erythrm-ytes  were  notetl  in  .several  sixs-iiueus  of  urine.  The  spinal  tluid  was 
normal.  Cultures  of  the  blood  yielded  tyfa*  I  la  iiieidngococ<  us.  After  the  first  dose  of 
sulfadiazine  by  mouth,  the  tempeniture  htH-ame  normal  and  remaimsl  .so.  The  rash  faded 
promi)tly. 

The  extraordinarily  mild  character  that  meningococcal  infection  occa- 
sionallv  assumed  is  illustrated  in  case  3.'® 

V 

Case  3. — The  10-year-old  son  of  an  officer  was  admitted  to  an  Army  hospital  with 
minimal  lieailache  iind  fever  (100°  F.).  Admi.ssion  was  graid*Ml  only  on  tlie  insistence 
of  his  appreln*usiv«‘  mother,  wlto  feiir«><l  txdioiiiyelitis.  Ibnaus**  of  pressure  from  the 
moflier.  examination  of  the  cerebrospinal  fiuid  and  culture  of  the  blood  was  nuide.  The 
spinal  tiuid  was  normal.  Two  dtiys  Ijiter.  cultures  of  both  blood  and  sjtinal  liuitl  that 
were  made  on  iidmission  grew  meniug<K'occi.  Xo  sihmmHc  treatment  had  Is'en  given.  .Vt 
this  time.  <in  careful  scrutiny,  one  skin  lesion  th«)ught  to  l>e  ti  small  is‘te<‘hial  hemorrhage 
was  found:  a  se<'ond  extimination  of  the  spinal  fluiti  showwl  a  norimil  fluid  and  was 
sterile,  .\nother  <'ulture  (»f  blood  drawn  on  the  third  day  again  yieldwl  meningococci. 
As  the  pafietit  had  Itecoiue  afrebrile  jtnd  asynipttunsitic  no  stiifonamiiles  were  given.  Sub- 
setfuent  cultures  of  the  blood  w(‘re  st(  rile.  For  10  da.vs  the  pjitient  was  watcluMl  closely 
tind  develo|H*d  no  recurrence  of  symptoms  and  no  nuinifestiitions  of  illness.  .\t  this  time 
a  course  of  therapy  witii  sulfadiazine  was  ntlministeretl.  The  piitient  wits  dischtirgetl 
well  after  iipproxinuitely  3  wwks  of  ob.s<*rvation. 

It  is  prohahle  that,  during  the  periotls  of  increased  prevalence  of  men¬ 
ingococcal  infection,  some  cases  of  mild  character  with  spontaneous  recovery 
were  not  detected.  We  know  that  recovery  from  meningococcal  bacteremia 
has  occurred  after  minimal  amounts  of  sulfonamide,  in  .some  ca.ses  with  n  total 
dose  of  as  little  as  2  grams.  These  patients  usually  had  a  mild  illness  with 
fever  and  were  given  a  single  dose  of  sulfadiazine  by  the  ward  officer,  after 
which  no  drug  was  administered.  Later,  the  original  cultures  of  blood  taken 
l)efore  therapy  were  shown  to  contain  meningococci,  but  the  patients  had  by 
then  become  apparently  well. 

In  other  patients,  the  course  was  chronic  ami  produced  a  persistent,  low- 
grade.  febrile  illness,  which  in  case  4  was  not  severe  enough  to  prevent  the 
performance  of  military  duty. 

Case  4. — A  soldier,  age<l  23,  was  admitted  to  the  orthoi)edic  service  l)e<  ause  of  an  in¬ 
jured  ankle.  It  was  learned  that  for  al>out  3  wwks  lie  bad  lieen  suffering  from  malaise, 
evening  feverish nes.s,  and  an  intermittent  eruption  of  red  nodules  on  his  legs.  While  in 


i"’  l’frs;>iiid  coiiimunicatiDn,  R.  It.  Turner,  to  the  iiiitlior. 


248 


IXKKCTlors  lUSKASKS 


llu*  lutspitiil  Ills  tt'iiiiHM'iitiin*  riiniriHl  from  JlS.lS®  to  1(12“  F.  MIki'hIIiiu  iirthi'aluia  was 
prosoiK.  ami  a  scattonsl  oi.vllioiiiatoiis  pa|Milar  rash  apiM‘ar«st.  This  was  most  aiiparoiit 
on  tho  «‘Mr«‘mUit‘s.  Tho  h‘nko<-,vt<‘s  mimlM>r<H|  12.(!iN>  |M>r  riihic  milliim'tor,  with  ]M‘rcont 
pol.vinorphoniK'loar  colls.  'I'wo  cnitnros  t>f  tho  hlood  yrow  t.vpo  I  moniiiKm-occns.  'I’hoiv 
w«‘ro  no  inoninKoal  symptoms  or  sit;ns  al  any  timo,  ami  tho  spinal  tiniil  was  normal.  All 
inanifostations  cloarisl  ontiroly  within  24  hours  aftor  snifadia/.ino  was  administoroil  hy 
month.  'I'ho  pationt  had  Imhmi  ill  4  w«s*ks  prior  to  ll•^•atmont. 


Transition  From  Bacteremia  To  Meningitis 

The  recognition  of  inening<M-<Kriil  infection  before  any  evidence  of  in¬ 
vasion  of  the  meninges  was  relatively  easy  dnring  the  epidemic,  wlten  the 
index  of  suspicion  was  high;  it  was  in  the  s[)oradic  cast*  that  delays  in  ditig- 
nosis  and  treatment  were  likely. 

Case  5. — A  private,  atttHl  20,  was  mlinitlod  with  a  history  of  .sore  throat  which  had 
Imh'Ii  iiro.s«*nt  for  1  wis'k.  On  tho  day  ladoro  admission  Ihoro  was  a  snddon  onset  of 
shaking:  chills,  fever,  and  painfttim'ss  of  Joint.s.  A  few  small  erythematous  nodular 
lesions  of  the  skin  develo|M‘d,  and  the  pharynx  showed  mild  inllainmatlon.  Itoth  kiits's 
and  both  elbows  and  the  rlt;ht  wrist  and  ankle  wer«>  tender  and  hot — hnt  not  rtnl  or 
swollen.  The  leukocytes  nnmlH>red  ll.'iOO  per  enhh-  millimeter  with  7S  is'rcent  itolynior- 
photincl«>ar  cells.  tentativ«>  diat;nosis  of  acute  rhenmatic  fever  was  made,  and  fall 
dosage  of  .sjtlicylates  prescrilxHl.  In  .spite  of  this  medicatioti  the  ttanjMM’atnre  ranjitMl  from 
0S.(5“  to  102.4“  F.  for  tin*  sncciHslinu  13  dtiys.  On  the  l.'lth  hospital  day  there  was  a  sad¬ 
den  rise  In  tenipenttnre  to  l(ri“  F..  with  s»*vere  headache,  nausea,  and  vomitint;.  Within 
3  hoars  the  patient  was  .stapm’oas  and  presentiHl  all  of  the  slj;ns  of  s**vere  nieninjrltis, 
with  a  do/.en  <a'  so  pinkish  tnacales  res4>nihlini;  rosi*  spots  on  the  trank.  The  s]>inal  tiaid 
ciaitained  1,200  leukocytes  |H‘r  cable  niillinn‘ter,  with  Oo  perct>nt  polymorphonaclear  cells. 
'rr»*atim*nt  with  salfadiazim*  resalttnl  in  nn'overy.  Hlood  was  taken  for  caltare  after 
therapy  was  Ix’^an,  and  tln*re  was  no  Krowth. 

Ca.sc  0  ilhistnites  the  importance  of  cutaneous  manifestations,  showing 
liow  the  absence  of  a  persistent  rash  during  tlie  greater  part  of  tlie  hac- 
teremic  sttige  dehiyed  diagnosi.s. 

Case  6. — The  pati«*nt  was  adinitte<I  to  the  ward  for  patients  with  diseasf's  of  the 
n*spiratory  tract,  havinj;  had  a  i-old  with  nasal  conuestion.  sli«ht  eolith,  and  sore  throat 
for  1  w»*«‘k.  Itnrini!  the  da.v  Imfore  admission,  he  had  .si*veral  slli'ht  chills  and  f«*lt  fev«*r- 
ish ;  he  vomited  once.  Kxainination  reveal«>«l  moderate  intlammation  of  the  na.sopiiarynx. 
and  a  iliscrete  macular  rash  on  the  trunk  and  around  the  shoulder  ulrille,  whi<-h  disap- 
IH‘an‘<l  within  a  few  hours  afti*!'  admission.  For  about  11  days  the  patient's  tem|H‘rature 
was  of  tla*  s«*pti<'  tyjie.  with  dail.v  »*levafions  to  102“  F..  assoclatt**!  with  |H>lyniorphonu- 
clear  leukocytosi.s.  The  sple<‘n  was  palpable,  .'since  a  diai;nosis  of  suba<'Ute  barterial 
emhM'urditis  was  entertaineil,  rejH'iit^sl  cultures  of  the  blooil  were  mad»*.  Ten  days  after 
admission  the  tenip«*rature  rose  to  103“  F.  and  the  pati(>nt  ap|M‘anKl  wors«*.  There  were 
no  inenin;:t*al  siyns  or  symptoms.  On  the  m*xt  day.  im-reasiiiKly  .'M‘v**re  headache  devel- 
o|hkI.  with  nausea  and  vomiting.  Hxamination  revi‘ah*d  a  sl|};htl.v  stIfT  mn-k,  positive 
K«*rniK's  sl;;n.  and  sparse  |M*t»*«'hiae  on  the  up|M*r  part  of  the  trunk.  The  spinal  fluid  was 
cloudy  and  contaim'il  0,T(NI  <*ells  iH>r  cubic  millimeter.  Smear  and  culture  of  the  Iluid 
showed  tyix*  I  menin>;oco<'cus.  .\  culture  of  the  bhMid  taken  on  the  day  lM*fore  tla*  develop¬ 
ment  of  na*idnp‘al  si;'ns  <-ontained  the  .saim*  micro-orwinism.  Ihs-overy  was  rapid  on 
tla*rapy  with  siilfadia/.ine. 
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The  speed  with  wliioh  meninj;itis  could  develop  in  a.  patient  with  ine- 
ningococceinia  was  extremely  variable.  The  next  patient  reported  (case  7) 
was  one  in  whom  early  meningitis  was  prestmt  on  admission,  as  indicated  by 
recovery  of  mening(x-(x-ci  on  culture  from  an  otherwise  normal  spinal  fluid. 
The  history,  however,  gave  clear-cut  evidence  that  bacteremia  had  existed  for 
about  24  hours  l)efore  admi.ssion.  This  case  also  illustrates  how  rapidly  men¬ 
ingitis  can  advance  in  spite  of  prompt  atid  ade«}uate  therapy  with  sulfadia¬ 
zine. 

Case  7. — A  private,  aged  37,  was  well  until  the  iiiuriiing  of  the  day  t)efore  adiiiissiou. 
when  he  suddenly  Innl  a  shaking  chill  and  began  to  feel  extremely  weak.  Headache  was 
nuMlerately  .severe  hut  subaideti  dtiritig  the  evening.  On  the  morning  of  the  day  of  admis¬ 
sion  the  patient’s  headache  was  gone,  hut  he  noticed  that  he  wjis  covere<l  with  tiny  dark 
purplish  spots.  His  right  knee  was  moderately  painful  on  walkiitg.  Severe  frontal  head¬ 
ache  again  developed  on  his  admission  to  the  ward.  He  was  obviously  iicute  and  seriously 
ill,  although  alert  ami  well  orientetl.  Scatterwl  over  the  trunk  iind  all  extremities  were 
myriads  of  djirk  {>etecliiae,  ail  less  thiin  2  mm.  in  diameter.  There  was  no  stiffness  of 
the  iuH;k,  and  Kernig's  and  Hrud/inski's  signs  were  not  pre.sent.  A  .spe<‘imen  of  .spinal 
tluid  contained  3  lymphocytes  i»er  cubic  millimeter,  a  iiormal  concentration  of  sugar,  and 
a  smear  of  it  was  negative  for  micro-organisms.  Hy  the  following  day.  however,  tyi)e  I 
meningoc(H-cus  grew  in  the  culture  of  this  tluid.  Immeiliately  after  the  initial  lumbar 
puncture,  i>  gm.  of  sodium  sulfadiazine  (in  l..l()0  cc.  of  saline  and  dextrose  solution)  was 
given  intravenously. 

Four  hours  after  n<imi.ssion  the  patient  develope«l  projective  vomiting  and  rapidly 
became  sfuporou.s.  .HI  the  signs  of  meningitis  were  present.  Five  and  one-(iuarters  hours 
after  the  ttrst  lumbar  puncture  another  spei'iinen  of  .spinal  fluid  was  obtained.  The  Huid 
was  under  greatly  increased  pressure  and  contniiUMl  17.7(M)  leukocytes  per  ctd)ic  millimeter, 
with  99  percent  polymorphonuclear  cells.  The  com-entration  of  sugar  had  fallen  to  a 
level  too  low  ttt  read  with  accuracy  and  the  level  of  sulfadiazine  had  reached  8.2  mg.  per 
199  cubic  centimeters.  Smear  and  culture  of  this  .second  .specimen  were  negative  for 
meningococci  in  spite  of  the  addition  of  para-amiiioltenzoic  acid  to  the  cuiture  uieiiia.  After 
an  extremely  stormy  course,  the  patient  recovered. 

Althoufrh  the  ciilttire  of  blood  on  admission  was  contaminated  and  no 
meningococci  were  found,  tlie  history  of  a  shaking  cliill,  tlie  presence  of  a 
purpuric  rash  extensive  enoujrh  to  be  noticed  by  tlie  patient,  and  a  painful 
knee  joint — all  at  a  time  when  the  patient  was  entirely  free  of  headache — 
were  believed  to  be  evidence  that  invasion  of  the  bloodstream  occurred  sev¬ 
eral  hours  before  admission.  That  meninjritis  was  in  the  earliest  phase  at 
the  time  of  admi.ssion  was  shown  by  the  fact  that  the  spinal  fluid  was  normal 
in  every  respect  excejjt  that  meninjrococci  were  firown  on  culture.  There 
were  no  meningeal  signs  except  severe  headache. 

FULMINANT  MENINGOCOCCAL  BACTEREMIA 

Without  adrenal  hemorrhage. — A  form  of  fulminant,  rapidly  fatal 
meningococcal  infection  occurred,  with  little  or  no  evidence  of  meningitis 
either  during  life  or  at  necropsy,  and  without  the  clinical  manifestations  of 
the  Waterhouse-Friderichsen  syndrome,  while  the  adrenals,  at  necropsy. 
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showed  no  abnormality.  The  rash  was  widespread  and  freijnently  as  exten¬ 
sive  as  tliat  seen  in  ])atients  who  had  massive  bilateral  hetuorrhajre  into  the 
adrenals.  The  followinjr  is  a  case  in  point : 

Case  8.— A  20-year-titd  soldier  was  admitted  at  4 :  tto  a.m.  after  an  illness  of  a  few 
hours,  with  ehills.  fever,  heudai-he,  and  weakness.  On  admission  tlie  temiierature  was 
11*7“  K.  Stumor  was  marked.  'I'he  inilse  was  strong,  ixaindiny.  and  rapid.  Tlie  l>!(H»d 
pressure  was  120  systolie  and  TO  diast(di«\  There  was  no  stiffness  of  the  ne<‘k  or  other 
evidence  of  meniiijteal  irritiition.  Widely  scattere<l  over  the  skin  were  inyriiids  of  }>ettH-hial 
iind  pnrpnric  lesions,  some  of  wliicli  coalesi-eil  to  fortti  ttretis  of  e»‘chyin(»sis.  Tlie  cereltro- 
spinal  tlnid  wtis  normal.  .\  enlture  «»f  the  blood  later  jrrew  tyjie  I  ineninjrococcns.  So<lium 
sulfatliaxine,  4.0  jnn..  was  promptly  friven  intravemmsly.  .'»tnpor  de«‘pene<l.  tind  only 
termimtily  did  cyanosis  develop.  Deiith  occiirrtMl  8  hours  jifter  iidmission. 

.\t  iintopsy  neither  the  iidrenuls  nor  the  leptomeni litres  sIiowimI  abnormalities.  There 
were  .small  scattered  hemorrhajres  thron;rhont  most  of  the  oijrans. 

Instances  of  a  fatal  form  of  fulminating  bacteremia  associated  with 
so-called  tubular  dejreneration  of  the  adrenal  cortex,  as  de.scrilted  by  Rich,"‘ 
occurred  amon<;  Army  |)ersonnel.  The  adrenals  in  these  patients  were  not 
the  site  of  hemorrha"e.  These  cases  occurred  with  and  without  meniiifritis. 
The  followin*;  case,  reported  by  Kinsman,  D'Alonzo,  and  Russi,”  is  illustra¬ 
tive  : 

Case  9. — A  2t)-year-old  white  s«ddier  was  admitted  to  the  hospital  at  3 : 30  p.m.  on 
22  January  1044,  about  ‘2  hours  after  sudden  onset  of  weakness,  shaking  chills,  fever, 
headache,  jiain  in  the  hack,  and  exhaustion.  The  temperature  on  admission  was  104.1)°  F. 
The  leukocytes  numliered  U.OoO.  with  84  i>er<t*nt  neutrophils.  Physical  examination  re¬ 
vealed  nuchal  rifridity  of  minimal  dejrree.  but  Kernijr's  si«n  was  absent.  The  pharynx 
was  moderately  in.]e<-t«Hl.  Tyiie  I  meuinsococcus  was  later  re«‘overe<l  from  the  spinal  Iluid. 
Early  the  next  mornim:  (23  Januar.v)  the  patient  developed  an  increasingly  widespread, 
mottled  purpuric  ami  ecchyniotic  rash  over  the  entire  body,  including  the  face  and  nei-k. 
About  80  percent  of  the  surface  of  the  bod.v  eventuall.v  tierame  involved.  There  were 
s<*attered  hemorrinu:ic  spots,  most  of  them  large,  an  inch  or  more  in  diameter.  These 
were  also  observed  in  the  conjunctivae  and  mouth ;  the  uvtila  was  completely  black  from 
hemorrhage.  In  spite  of  treatment,  the  eruption  continueil  to  spread.  The  patient  l)ecame 
restless,  complaining  of  chilliness,  and  of  the  burning  and  soreness  of  the  eruption.  His 
lips,  fingernails,  and  entire  skin  became  cyanotic,  the  pulse  was  110.  and  blood  pressure 
was  130  .systolic  and  100  diastolic.  Xuchal  rigidit.v  had  not  increased  and  Kernig's  sign 
was  still  absent.  The  leukocytes  nundwred  27,2(X).  with  87  iien-ent  neutrophils.  The 
temperature  was  lOo®  F.  At  1 :10  p.m.  he  became  comatose  and  markedly  cyanotic,  with 
rapid  respirations.  The  temperature  climl>ed  to  107.8°  F..  and  the  respirations  dropped 
to  8  per  minute.  A  direct  smear  of  his  blood  showeil  diplococci  lying  within  the  cyto¬ 
plasm  of  the  neutrophils.  The  culture  of  the  blood  was  later  reporteil  positive  for  type  I 
meningococcus.  The  patient  expired  at  3:10  p.m..  20  hours  after  on.set.  .second  .spinal 
puncture  was  done  at  the  time  of  the  nwropsy  and  .showed  2.21X1  cells. 

Necropsy  revealed  widespread  focal  hemorrhages  In  the  pulmonary  parenchyma  and 
petechial  hemorrhages  in  the  pleura,  pericardium,  and  endocardium.  Examination  of  the 
adrenals  showed  no  gross  hemorrhages.  Microscopically,  there  was  marked  congestion 


10  Rich,  A.  R. :  A  Ppciillar  Type  of  Adrenal  Corticiil  Dniniigc  AMHociiited  With  .Vciite  Infectioiid. 
and  Its  Possible  Relation  to  Cireulator.v  Collapse.  Bull.  .Tolins  Hopkins  Hosp.  74  :  115,  .Tnniiar.v  1944. 

It  Kinsman.  .1.  M..  Il’.Monzo.  C.  A.,  and  Russi.  S. :  Fulminatint;  Meninjroooecic  Septicemia  Asso¬ 
ciated  With  .Adrenal  Is'sions ;  An  Analysis  and  Discussion  of  Seven  Cases.  Arch.  Int.  Med.  78 : 
i:i»-109,  August  1940. 
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of  tho  siiius«>i(|s  but  1)0  oxtnivasjitioii  of  blood.  'I’lu*  rolls  in  tin*  ^loiiioiular  zone  dis¬ 
played  a  varuolat»Ml  cytoplasin.  and  aptwarod  of  avorafto  si/.i*.  while  tbos**  in  the  inner 
part  of  the  faseienlar  anil  retieiilar  zones  bad  shrunk,  their  cytoplasni  la'iiii:  hoiuoi:eiu>ous. 
dark,  and  .sprinkliMl  with  brown  pi>;nient.  In  this  ease  the  tubular  changes  in  the  outer 
half  of  the  faseieular  layer  were  iiroininent.  The  le.sion  was  similar  to  that  deserilieil 
by  Iiieh.  The  cords  in  the  outer  third  of  the  faseii-ular  zone  were  converti'il  into  tubules 
liia>il  by  vacuolated  cells,  many  of  which  had  underjtoiie  det:enera!io.i  with  frayinji  of  the 
cytoplasm  and  pyknotic  chantres  of  the  nuclei.  In  some  instaiuvs.  the  adrenal  c«‘lls  had 
iHsappeared  entirely  from  the  inner  layer  of  the  <•orteK.  leaviti}:  onl.v  a  reticular  stroma 
hetwiH'ii  the  conjjestiHl  capilliiries,  'I'he  nuMlulla  was  not  abnormal. 

'rile  meninges  were  not  conspicuously  involv«><l  on  jiross  examination.  Micro.scojii- 
cjilly.  there  was  a  fjiir  amount  of  itcute  intlammatory  cellular  exuihite  in  the  suhjirach- 
noid  spait's. 

Fulminatiiifr  nu'nin<r<H‘o<riil  hacteivmin,  wilhotil  tneninjriti^=.  oivtirnMl 
with  the  cliniciil  manifestations  of  the  Waterhonse-Fridericlisen  syndrome, 
and  yet  no  liemorrliajre  or  other  ahnormality  of  the  adrenals  was  fotind  tit 
necropsy.  Four  such  ctises  were  found  amon^  .‘{(H)  fjital  ciises  iimily/ed  (table 
In  a  number  of  others,  the  history  su«r<je.sted  this  syndrome,  but  the 
case  abstracts  were  no(  full  euou<rh  to  allow  ivliable  deductions.  Thomas”* 
has  reported  .‘i  such  ctises  in  ti  series  of  41)  fatal  cases. 


Tablk  ;{(). — Cause  of  death  '  in  iOO  e(tses  of  nieniny<H-iH'enl  infeetion  reviewed  at  the  Armed 

Forees  I iistitute  of  PnthoUujii 


Caitse  of  ifeafll  ^ 

SiiiiiImw 

I’rnent 

Ftilmiitaliim  baeteremiii: 

Witliout  iidrenal  hemorrhiifte  * . . 

80 

10 

With  adrentil  hemorrhane  * . . . . . 

121) 

1  42 

Total . - . - . 

loll 

52 

Meningitis _  _  — _ _ _ 

144 

48 

Total . . -  - - - 

;i00  1 

i 

100 

I  Witli  n-niil  romplii'iitions  icslimnti'il  i-asc  f.itnlil.v  in  tlic  totnl  f..s.  .\rniy,  IM'I  iH-rn-nt)  In  tlirt’c  cii.'ii'S,  iluc  to  sul- 
tonaniido  tiu'rap.v. 

*  Four  of  llit'Sf  potii'iits  stiowcit  the  (■lini<':il  iiiiiiiifostotioiis  of  tlu*  Wotcrliotisc-Kriilfrii-liscn  syiiitroi.ii'. 
t  Five  of  ttiosc  patii'iit.s  <li(i  not  (■.\liil>it  tlu>  clino'iil  inanitoslations  of  tlio  Wati'rlioii'H'-Frlili'rii  liscn  syinlronie. 


Case  10.— A  .soldier,  aged  21,  suddeidy  became  ill  24  hours  Itefore  admission  with  se¬ 
vere  hetidtiche,  stitTness.  freneralized  iicliiiiK.  nausea.  ;ind  vomitiii};.  On  extimintition.  tiside 
from  fever,  dusky  cytmosis,  and  iH'techiae  scittter»*tl  over  the  skin,  no  other  dev’tition 
from  norniitl  wtis  found.  -About  18  hours  tifter  admi.ssion.  in  spite  of  a  concent rtit ion  of 
!)  mj;.  percent  of  sulftidiiizine  in  the  blood,  the  ptitient  Itecttme  rtipiilly  worse.  The  skin 
eruption  .spread  and  ptillor,  with  cyanosi.s.  hectiim*  extreme.  The  extremities  were  clammy 

n*  Diinif'Is.  W.  H.  :  Tho  Ciiiise  of  Iloiith  in  Sli'iiinpoi'occlc  Infi'ction  :  .\n  .\nnlysis  of  aao  Fatal 
Cases.  Am.  .1.  MeU.  8:  4<!8  47:i,  April  la.'iO, 

lOTliomas.  11.  M..  .Ir.  :  The  Treatment  of  Fiilmlnatini;  Meiilndoeoceic  Infections.  Iliill.  I’.S. 
-irmy  M.  Dept.  No.  "S,  pp.  78  84.  February  1944. 
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iiiu!  th«‘n>  was  t*vi(leiic<*  of  iiiarkod  sliofk.  A  culturt*  of  blood  was  positive  for  ineidii- 
}roc<»c<  i  Stained  films  of  blood  from  the  tintrertip  showed  diploeocei  within  the  leukie 
<ytes;  smears  from  punctured  purpuric  skin  lesions  reveaU*d  t;ram-m‘{rative  diploco<ci. 
'I'he  patient  die<l  in  shock  30  >■.  urs  after  a  Imission. 

Xe<  rops.v  sin. wed  no  adrenal  hemorrha;re  or  evidence  of  meningitis.  Pete<-hiae  were 
scattertHl  over  all  serous  surfaces.  Tin*  i.dersfitial  tissues  of  the  myocardium  showinl 
a  diffiise  intiltratiou  with  polymoridionuclear  leukocytes. 

The  records  of  300  of  the  soldiers  who  died  as  the  residt  of  meninjrococcal 
infection  Itetween  Sejtteinher  1940  (inohilization)  and  31  Deceinlier  1945  were 
reviewed  at  the  Army  Institute  of  Patliolo^y  (now  the  Armed  Forces  insti¬ 
tute  of  Patholofry),  Washiiifrton.  I).(\  (table  36).  Ten  percent  were  cases 
of  ftdminatinjr  hacteremia  withotit  adrenal  hemorrha"e.  Of  these.  13  had  no 
meninpritis,  16  had  slijrht  meninjritis.  ami  the  autopsy  record  of  1  was  incom- 
plete.  The  averapre  duration  of  life  after  admission  to  hospital  was  33  hours, 
I'anpfin^r  from  2  to  101  hours.  Four  of  the.se  patients  satisfied  all  the  clinical 
criteria  of  the  Waterhonse-Fritlerichsen  syndrome,  hut  at  autopsy,  the  adre¬ 
nals  were  not  almormal.  The  averapre  tluration  of  life  in  the.se  4  ca.ses  was  40 
hours  from  time  of  admission  to  hospital. 

With  adrenut  hemorrhage. — Fulminating  meningococcal  hacteremia  with 
perijdieral  vascular  failure  and  hemorrhage  into  the  adrenals  evident  at 
necropsy — the  so-called  Waterhouse-Friderichsen  syndrome — was  described 
first  in  1894  by  Voelcker.-'*  Additional  cases  were  later  reported  by  the 
authors  wlio.se  name  tlie  .syndrome  bear.s.-’  Xo  more  dramatic  or  catastrophic 
situation  reipiiring  immediate  therapy  can  face  the  physician. 

From  the  beginning  of  the  epidemic,  patients  with  this  syndrome  were 
admitted  to  Army  hospitals.  Some  died  before  specific  treatment  was  iibsti- 
tuted.  In  the  analysis  of  309  fatal  cases,  it  was  found  that  in  121  cases  (40 
jiercent)  death  was  due  to  this  form  of  infection.  (Five  additional  cases  in 
this  series  had  adrenal  hem<»rrhage  without  the  clinical  .syndrome  (p.  254).) 
In  view  of  the  rarity  of  this  disease,  it  is  not  .surprising  that,  of  the  whole 
series  of  126  fatal  ca.ses  with  adrenal  hemorrhage.  14  (11  percent)  came  to 
necrojisy  lacking  correct  diagnosis.  Ante  mortem,  these  were  classified  as 
follows:  liocky  Mountain  spotted  fever,  3;  heat  stroke,  2;  ])urpura  hemorrha¬ 
gica,  2:  endemic  typhus  1;  acute  leukemia,  1:  pachymeningitis.  1:  and  no 
diagnosis,  4.  A  few  more  than  ^00  instances  of  this  form  of  meningococcal 
infection  had  been  reported  in  the  world  literature  before  AVorld  War  II. 

In  two  published  series  of  214  ami  182  patients  with  meningococcal  in¬ 
fection.  the  Waterhouse-Friderichsen  .syndrome  occurred  in  3.3  ami  2.2  per¬ 
cent,  respectively.--  As  noted,  the  records  of  the  300  cases  studie<l  at  the 

Vcicickcr.  A.  F.  ;  I’ntlioloKiPill  Report.  Abstnict.  Jliildlesex  Hospital  Reports.  1894.  p.  279. 

-•  (1(  Waterhouse.  R.  :  .\  Case  of  Suprarenal  .\poiiIex.v.  I.aiieet  1;  ,777  .o79.  4  Mar.  1911. 
(2)  Frifleriehsen.  C.  :  Nehenuierenaiio|>lexie  bei  kleineii  Kiinlern.  .Tahrh.  f.  Kiinlerh.  87:  1U9-12.0, 
1818. 

--(1)  See  footnote  1,'.  p.  (2»  Heriihaul.  W.  G.,  an.l  .Iordan.  A.  C.:  Itilateral  .\di-enal 

Ib'iiiorrlnise  ( Walerhonse-Fridi>rieIisi'n  Syiidroiiie  I  .\ssoeiated  With  Menintroeooeal  Septi<'emia  :  Report 
of  Four  Cases  in  ,\dults  With  a  Review  of  the  Literature.  .1.  Lah.  &  Clin.  Med.  29:  ;5.-)7 -.'Ui.o, 
.\l>ril  1944. 
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Armed  P'orees  Institute  of  Patliolo<ry  showed  tlmt  126  (42  percent)  of  tlie 
soldiers  with  udreiuil  liemorrhajre  died  (table  JU?).  More  than  50  instances  of 
this  syndrome  were  reported  in  the  literature  by  U.S.  Army  Medical  Corps 
officers.  This  is  an  incomplete  list  as  many  cases  wei*e  described  only  be¬ 
cause  of  unusual  features,  lonj;  survival  perio<l.  or  recovery.*^ 

Meninfjitis  was  \isually  absent  or  extremely  slight  in  these  patients.  In 
analysis  of  the  126  cases  of  fulminating  bacteremia  with  adrenal  hemorrhage, 
no  post  mortem  evidence  of  meningitis  was  found  in  61;  in  48,  the  meningitis 
was  early  and  minimal;  in  7,  it  was  moderately  severe;  in  another  7.  severe; 
in  6  cases,  the  grade  of  meningitis  was  not  clear  from  the  records.  Early 
death  may  have  been  responsible  for  the  slight  degree  or  absence  of  meningeal 
inflammation. 

Clinical  course. — As  with  other  meningococcal  infei  tions.  pi-odromal  res- 
piiatory  symptoms  usually  preceded  the  onset.  These  were  followed  by  gen¬ 
eral  aching,  painful  joints,  headache,  weakness,  nausea,  vomiting,  chills,  and 
fever.  Within  a  few'  hours  there  was  a  dramatic,  sudden  change,  with  the 
tlevelopment  of  apprehension,  restlessness,  and  often  an  initial  delirium.  At 
a  later  stage,  there  w’ere  frequent  lucid  intervals.  A  previously  insignificant 
rash  suddenly  became  widespread,  purpuric,  and  ecchymotic.  and  often  cov¬ 
ered  two-thirds  of  the  body.  The  conjunctivas  and  buccal  mucous  membranes 
show’ed  hemorrhages.  As  a  rule,  there  were  no  signs  of  involvement  of  the 
meninges,  but  meningitis,  usually  of  mild  degree,  might  be  present.  Cya¬ 
nosis,  low  blocxl  pressure,  rapid,  thready  or  imperceptible  pulse,  cold,  wet 
extremities,  and  all  evidences  of  extreme  shock  supervened.  Anuria  with 
retention  of  nitrogen  was  usual.  Within  a  few  hours  to  a  day  or  more,  pid- 
monary  edema  usually  supervened,  and  death  generally  occurred  in  spite  of 
heroic  therapy.  In  fatal  cases,  the  average  duration  of  life  from  admission 
to  death  was  24  hours.^^ 

A  classical  in-stance  of  this  clinical  course  follows. 

Case  11. — A  21-year-old  soldier  develoi)ed  headache,  weakness,  general  achiiiK,  and 
voinitin};  1  >/>  hours  before  admission  to  hospital  at  .5  p.ni.  uii  17  April  15)43.  Hy  midnight. 


-■<  (1»  Wrinlit.  I).  ().,  and  Repport,  L.  B.  ;  Fiilmiiiatinic  Mriiineocoi'ceniia  With  Vascular  Collapse 
( W'atcrlioiisc  l-’rUlcriclist'n  S.vndronic )  ;  Rcimrt  on  Four  Adult  I’aticnis  Who  Rci ->vcrcd.  Arch.  Int. 
.Med.  77:  14a  150.  Fcbniar.v  l!)4fi.  (21  Kasicli.  M.,  and  Disick.  S. :  McnliiKococccinia  With  Bilateral 

.Vdrcnal  IIcinorrhaKc  ( Watcrlioiisc-Friilcriehscn  S.vndronic)  :  Report  of  Two  Cases.  J.  Tennesstn*  M..\. 
aii  :  4t)4-4(i7,  December  1945.  (5)  MaraiiKoni.  B.  A.,  anil  D’.tKati.  V.  C.  :  Hepatorenal  Failure  in 

the  Waterhouse-Friderichsen  S.vndronie ;  Clinico-FatboIOKic  Observations  In  Two  Cases  With  Pro¬ 
longed  Survival  Periods.  Am.  .T.M.  Sc.  207;  .385-395.  March  1944.  (4)  OWgatl.  V.  C.,  and  Maran- 

goni,  B.  A.  ;  'I'he  Waterliouse-Frideriehsen  S.vndronie.  Xew  Kngland  .1.  Med.  252  :  1-7,  4  .Tan.  1945. 
(5)  Park.  F.  R..  and  'raplin.  O.  V.:  Meningococelc  Meningitis  With  Waterhouse-Friderichsen  S.vu- 
drome.  Report  of  a  Case  With  Recover.v.  [Otticial  record.]  <<»)  Felder,  S.  L..  and  Stac.v,  A.,  .Ir.  : 
Meningoeoecemia  With  Waterhouse-Friderichsen  S.vndronie.  [Official  record.]  (7)  Is'lehliter.  .1.  W.. 
and  Fish.  C.  E.  :  The  Waterhouse-Friderichsen  S.vndronie:  A  Report  of  a  Case  in  a  Soldier.  Mil. 
Surgeon  95;  77-81,  .lul.v  1945.  (8)  Bush.  F.  W..  and  Baile.v.  F.  R.  :  'I'he  Treatment  of  Meningo- 

eoeeiis  Infections  With  Especial  Reference  to  the  Watertionse-FrldericUsen  S.vndron\e.  Ann.  Int. 
Med.  20;  619-051,  April  1944.  (9)  Potter,  H.  W'.,  and  Bronstein,  L.  H.  :  The  Waterhouse-Friderich¬ 

sen  S.vndrome ;  Report  of  a  Case  Terminating  in  Recovery.  J.  Lab.  &  Clin.  Med.  29 :  703-708, 
.Inly  1944. 

2t  See  footnote  18,  p.  251. 
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r)‘\t‘i'  III'  |im;  '  I'..  :i  |iiii'|illi'ir  skill  «‘ni|it iiiii.  uml  ;iii  ii  i  iit  11111:11  liii‘nl:il  'liiti'  li:iil  I ll■\ l‘lll|ll■ll. 
licc.iM'-f  Ilf  iiliviuiis  iat‘MiliL.'iMii(i;il  li:i<'ti-r)-iiii:i.  t  u:iii.  nT  ■•iMliuiii  su | i':i<|i;i'/.i nc  u;is  v'im'Ii 
|);i  rt'iil  fi;i  1 1  \ .  I!\  .'1  ;i.iii.  nil  IN  A|iril.  Iii>  w.i-  si  upniinis.  ix  .iikiI  ii'.  inld.  ;iiii|  in  cull.iii-c. 
willi  :i  |iiils(“  r;iii‘  cpf  liiii  niiil  IiIimkI  jii'i‘ssiiri‘  oi'  To  sysinlir  ninl  .'k'l  ilinsinlic.  In  spile  nf 
l:l|•lr«■  ilnses  111'  snir.idin/iiie,  ndi’ninil  riirrie;il  exlrnet.  ilnMn'-f.  sndiniii  eldipiidn  .iiid  plnsni.i, 
llie  piirpiirie  r:i-li  sprend  nnd  l:iru:«“  .-irc.-is  i>f  eeeli.x  innsis  develuped  (  Hl'.  .‘{lil,  ( 'i  reill.il  nr\ 

eidlnpse  ill!  Tensed,  the  pulse  liee.nliie  iliipelei'pl  ilde.  nnd  I  lie  Idiind  pressHTe  Tell  In  4ll  s.x  s 
Inlieniid  II  dinsiulie.  Ciiiiin  developed.  Tlie  p:ilieiil  died,  in  |inlniuiinTy  edeni.i.  .’ii!  linilTs 
nl'leT  ndiiiissiiiii  nnd  L’li  Innirs  niter  Ilie  inst  it  lit  imi  id'  s|ieiilie  tlierniiy.  'I'liere  lind  lieen 
nil  elinie.il  evidenee  id'  ineiiinmtis  ;iinl  llie  imlienl's  ennditinn  did  linl  w.irrnlil  spinni 
piiiietnre.  The  eereliriispinni  llnid  nl  ntilnpsx  iiiiiinined  I\m>  eells  .ind  \\;is  sterile.  Ciil 


Fil  l  itr.  ::(i.  Widespiend  eceliyiiiotie  rnsli  in  :i  p.ilieiit  with  fiiliniiintiii};  hnelereiiiin  nnd 

lieiiiiirrlinties  iiilo  (he  ndreiinls,  ('ns(>  1 1. 


lures  id’  the  Idninl  dnriim  life  eiin(ninet|  nieiiiinreeiK’ci.  ;iiid  ninny  iiiieru-ortxniiisins  were 
seen  in  leiikinyles  in  sinenrs  id'  the  peripherni  Iduud  :ind  id'  inirpiirie  lesimis  id'  the  skin, 
t'heinieni  ninilyses  id  the  IiIimkI  were  ns  I’ldhiws;  .Niniiiridein  nilrutieii  m,  ert*ntinine  I.1, 
<-hhirides  4TS,  simnr  Hit!,  siilfndinzine  LMt  np:.  iier  1(M»  etihie  eeni  iiiieters.  Atllnpsy  revenled 
innssive  heiniirrhn.::e  in  hntli  ndrennls  :in(l  no  evidenee  nl'  ineiiiiiirit is. 

Waterhouse-Friderichsen  syndrome. — 'PIk'  :in:tl\sis  shown  in  itihln 
snwjrcNts  llitil  (111*  wnulc  of  :t<!ivn:»l  lK*ntotrIi;i w(>  liiis  a  tliiTct  rnliil ionsliip  (o 
(Innition  of  life.  Thciv  is.  liowmci-.  tinipU*  nvidnncn  I  lint  siioi-k  ttinl  ciicnlnlorv 
colhtpsc  incitUdif  to  fnlininat in<r  htuMciviniji  may  occur  without  tnlridial  hcin- 
orrhttjrc.  As  litis  Itccn  stated,  fidmintdinji  infection  with  no  evident  adreinil 
ahimrnnditv  at  tintopsy  (ctise  Ht)  c:in  product*  tt  clinical  ])ictnre  itlentictil 
with  the  classictil  Waterhonse-Fi'iderich,s(*n  syndronit*.  (Set*  .also  l.ahle  -‘’d!. ) 
rrttftmntl  in  jnry  it)  til  her  tirpins  :,s  a  resnlt  t)f  tt).\t*niia  anti  witlespreatl  ht*in- 
orrh.a^re.  fre((nen(Iy  with  niarkt*tl  c(*lhd.ar  inlilt  r.at  itni  t)f  the  inyticartlitnn. 
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might  well  be  the  sole  cause  of  death.  Marangoni  and  D'Agati,^®  following 
observation  of  two  patients  with  long  survival  i>eriods  (80  and  88  hours), 
have  e.\pressed  the  opinion  that  there  are  two  distinct  stages  in  the  AVater- 
house-Friderichsen  syndrome:  First,  the  phase  of  profound  shock  and  circula¬ 
tory  collapse;  if  this  is  survived,  the  second,  or  hepatorenal,  phase  begins. 
Clinically,  it  is  characterized  by  marked  oliguria  with  azotemia,  and  patho¬ 
logically,  by  severe  central  necrosis  of  the  liver  associated  with  changes  in 
the  glomeruli  and  tubules  of  the  kidney.  A  number  of  observers-®  believe 
that  circulatory  collapse  in  the  AVhiterhouse-Friderichsen  syndrome  is  primar¬ 
ily  the  result  of  widespread  hemorrhages  and  changes  in  tissue,  rather  than 
of  adrenal  insuflSciency  secondary  to  hemorrhage  into  these  glands.  It  is 
pointed  out  that  (1)  in  this  condition  death  requires  but  a  few  hours,  whereas 
adrenalectomized  animals  live  for  several  days;  (2)  classical  clinical  manifes¬ 
tations  of  the  Waterhouse-Friderichsen  syndrome  can  occur  in  patients  with 
fulminating  bacteremia  without  abnormality  of  the  adrenals  at  necropsy; 
(3)  conversely,  among  the  126  patients  found  to  have  had  adrenal  hemorrhage 
at  necropsy,  in  5  the  clinical  manifestations  were  not  those  of  the  Waterhouse- 
Friderichsen  syndrome  (table  36);  (4)  some  recovered  patients  had  been 
given  no  adrenocortical  hormone;  and  (5)  in  patients  who  recovered,  the 
discontinuation  of  adrenocortical  hormone  after  a  few  days  did  not  lead  to  a 
recurrence  of  symptoms.  If  there  were  adrenal  insufficiency  secondary  to 
hemorrhagic  destruction  of  the  adrenals  in  these  cases,  such  temporary  ther¬ 
apy  would  scarcely  have  been  curative. 

Accordingly,  although  the  severity  of  adrenal  hemorrhage  appears  in 
direct  correlation  with  the  length  of  life  in  the  series  of  fatal  cases  shown  in 
table  37,  it  cannot  be  assumed  that  there  is  a  direct  causal  relation  between 
them.  The  severity  of  the  adrenal  lesion  may  be  regarded  rather  as  an  index 
of  the  severity  of  the  whole  pathological  process,  in  which  it  occurs  as  an 
end  result. 

The  Waterhouse-Friderich.sen  syndrome  before  the  development  of  sul¬ 
fonamides  was  invariably  fatal.  In  1945,  Weinberg  and  McGavack  collected 
from  the  literature  11  instances  of  recovery  and  reported  an  additional  case 
with  recovery.28  Thirteen  other  patients  who  recovered  have  been  either 
Army  personnel  or  cases  observed  by  the  author.2»  Undoubtedly,  a  number 


^5  See  fooUiote  23  (3),  p.  253. 

I'C  (1)  See  footnotes  17,  p.  250  ;  19,  p.  251  ;  and  23  (l)and  (3),  p.  253.  (2)  Thomas,  H.  B.,  and 

Leiphart,  C.  D. ;  Septicemia  and  Purpura  With  Adrenal  Hemorrhage  in  Adult  (Waterhouse-Friderich¬ 
sen  Sjndrome)  ;  A  Discussion  of  the  Role  Played  by  the  Adrenal  Gland  in  the  Production  of  the 
Syndrome  ;  Report  of  Two  Adult  Cases.  J.A.M.A.  125 :  884-890,  29  July  1944. 

27  See  footnote  18,  p.  251. 

®  -  McGavack.  T.  H. .-  IVaterhouse-Friderichsen  Syndrome ;  Report  of  Case 
U  ith  Recovery.  New  England  J.  Med.  232  :  95-101,  25  Jan.  1945. 

w  footnotes  17,  p,  250;  and  23  (1),  (4),  (5),  (6),  (8),  and  (9),  p.  253.  (2)  Wechsler 

m  i  and  Rosenblum.  A.  H.  :  .Meningococcic  Meningitis.  Mil.  Surgeon  95:  132-135,  August  1944 

vl  ^Meningococcal  Meningitis:  A  Report  of  Thirty-Three  Cases  With  No  Deaths. 

New  England  J.  Med.  230;  452-455.  13  Apr.  1944.  iwains. 
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of  additional  cases  were  not  reported.  Probably  some  of  the  recovered  pa¬ 
tients,  althougli  clinically  examples  of  the  Waterhouse-Friderichsen  syn¬ 
drome,  actually  had  fulminating  bacteremia  without  adrenal  hemorrhage,  but 
when  a  patient  has  recovered,  thei-e  is  no  w'ay  to  ascertain  the  nature  or  loca¬ 
tion  or  extent  of  tissue  damage  that  was  associated  with  the  clinical  syndrome. 


Tablk  37.  Severity  of  adrenal  hemorrhage  and  duration  of  life  in  126  of  600  fatal  cOKe.'i  of 

meningococcal  infection 


(iriulf  ol  liomorrliuKP 

N'umlx*r  of 
eases 

IVrwnt 

N’uniber  of 
aiiii-s  will) 
relt'vaiit 
data 

N'uint)cr  of  hours  from  admi.ssion  to 
dratli 

AvoraiJi' 

.Ma.vimuin 

Minimum 

Mild .  . . 

21 

16.  7 

20 

48 

120 

I’i 

Moderate _  . 

47 

37.  3 

44 

22 

60 

•4 

Massive . . . 

56 

44.  4 

53 

16 

451 

1 

Not  recorded . . . 

2 

1.6 

I 

53 

53 

53 

Total . . . 

• 

126 

100.  0 

118 

24 

120 

•4 

MENINGOCOCCAL  MENINGITIS 

Although  it  was  clearly  demonstrated  in  many  patients  that  meningococ- 
cemia  preceded  the  onset  of  meningitis,  the  commonest  type  of  meningococcal 
infection  in  all  Army  installations  was  that  exemplified  by  case  12.  Here, 
the  results  of  meningeal  involvement  were  so  dramatic  as  to  overshadow  com¬ 
pletely  those  of  bacteremia.  Bacteremia  and  meningitis  set  in  almost  simul¬ 
taneously. 

Case  12. — A  soldier,  aged  20,  wa.s  admitted  in  vh)lent  delirium.  The  history  obtained 
after  tiie  patient  had  improved  iiidicateil  that  he  had  been  iierfeetiy  well  until  tlm  evening 
of  tile  day  Iwfore  admission,  wl>en  severe  occipital  headache  suddenly  developetl,  with  a 
feeling  of  great  fatigue.  During  the  night,  pain  in  the  left  elbow  and  ankle  begun.  Early 
t>n  the  day  of  admission  he  lost  con.sci»nisness  and  regained  it  «)nly  after  12  hours  of 
treatment  in  the  hospital.  Examination  revealed  a  gravely  ill  patient,  who  had  many 
small  erythematous  macules  scattered  over  tln‘  trunk  and  extremities.  Several  of  the 
lesions  were  hemorrhagic.  There  was  pronounc<Hl  rigidity  of  the  neck,  positive  Kernig’s 
and  Brudzinski's  signs,  and  slight  weakness  of  the  right  side  of  the  face.  The  leukocytes 
numliered  18,8(10  per  cubic  millimeter  with  80  {K*rcent  polymorphonuclear  cells.  Culture 
of  the  blood  was  later  repttrted  as  sterile:  the  spinal  Iluid  showed  51,000  leukocytes  p<*r 
cubic  centimeter,  of  which  00  percent  were  polymorphonuclear  cells.  (Jram-negative  intra¬ 
cellular  diplococci  were  .st*en  on  smear,  and  type  I  meningococcus  was  pre.sent  on  culture 
of  the  spinal  fluid.  Immediate  therapy  with  sulfadiazine  resulted  in  complete  recovery. 

The  review  of  300  of  tlie  fatal  cases  of  meningococcal  infection  showed 
that  144  (48  percent)  were  classified  as  d^  ing  of  meningitis  (table  36).  Only 
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6  of  these  patients  came  to  necropsy  without  correct  diagnosis,  as  follows: 
No  diagnosis,  2;  endemic  typhus,  1;  malaria,  1;  pachymeningitis,  1;  and  psy¬ 
chosis,  1.  It  is  of  interest  that  only  26  of  the  144  patients  lived  96  hours  or 
longer  after  admission  to  hospital.  The  average  duration  of  life  of  the  118 
patients  who  lived  less  than  96  hours  was  36  hours,  the  range  being  from  1  to 
95  liours  (table  38).  Since  meningococcal  meningitis  itself,  before  the  use 
of  sulfonamides,  rarely  killed  in  so  short  a  period,  one  might  reasonably 
expect  other  lesions  due  to  the  meningococcal  infection  to  play  some  role. 
Of  the  118  patients  who  died  within  96  hours  after  admission,  evidence  of 
lesions  other  tlian  those  in  the  meninges  was  reported  in  62.  Certain  lesions 
associated  with  the  death  of  those  patients  ai*e  listed,  as  follows: 


Legiont 

Pneumonia _ 

Encephalitis _ 

Myocarditis - 

Pressure  cone  _ 

Purulent  pericarditis _ 

Periadrenal  hemorrhase - 

Tubular  degeneration  of  adrenals 

Meningococcal  peritonitis - 

Puruient  arthritis - 

Subarachnoid  hemorrhage - 

Bleeding  peptic  ulcer - 


y  umber  oj 
patientg 

-  2P 

_  n 

-  n 

_  4 

_  4 

_  1 
_  1 
1 
1 

-  1 
_  1 


Total _  G2 

A  pressure  cone  was  noted  4  times,  myocarditis  11  times,  and  pneumonia  26 
times.  Encephalitis  was  found  in  11  cases,  its  occurrence  indicating  an  or¬ 
ganic  basis  for  the  changes  in  personality  occasionally  reported  in  patients 
who  recover  from  meningitis.  It  seems  probable  that  th:'  majority  died  of 
the  concomitant  bacteremia  with  toxemia  or  some  complication. 


Table  38. — Duration  of  life  in  relation  to  severity  of  illness  in  118  of  144  cases  of  meningitis 
studied  at  the  Armed  Forces  Institute  of  Pathology 


Severity  of  lesion 

1 

Number  of 
cases 

1  1 

1 

Percent 

1 

1  Xumberof 
eases  of 
known 
duration 

Number  of  hours  from  admission  to 
death 

Average 

Maximum 

Minimum 

Moderate. . . . . .  . 

10 

8 

23 

62 

1 

Severe _  _ 

93 

79 

93 

38 

95 

1 

Not  recorded _  .  — 

15 

13 

30 

!)0 

2 

Total- -  - . .  -  -I 

118 

100 

113 

36 

95 

1 
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The  dunitiou  of  life  in  relation  to  seventy  of  meningitis  in  the  patients 
who  lived  less  than  06  hours  after  admission  to  hospital  is  shown  in  table  38, 
Those  patients  with  a  moderately  severe  grade  of  meningitis  died  on  the 
average  of  15  hours  earlier  than  those  classified  as  severe  on  the  basis  of  spinal 
flui<l  and  autopsy  findings.  This  is  additional  evidence  that  these  patients 
died  from  bacteremia  before  the  meningitis  had  reached  severe  proportions. 

Among  the  144  cases  of  meningitis  studied  at  the  Armed  Forces  Institute 
of  Pathology,  the  cause  of  death  of  the  26  patients  who  lived  longer  than  96 
hours  is  shown,  as  follows: 


Meningitis  -  - —  - -  -  -  -  « 

Meningoencephuiitis  -  3 

Pneumonia  and  meningitis  .  .  _  -  - -  ..  4 

Suifonamide  nephrosis  -  -  . . _  .  —  3 

Adrenal  infarction  - -  .  . . .  1 

Myocarditis .  . . -  -  -  -  -  — -  1 

Drain  nhscess  due  to  SeiHseria  intravelluluris _ _  1 

Ilemoglobinurio  nephrosis  after  transfusion - - - -  1 

Pulmonary  infarction  - - 1 

Multiple  lung  abscessi's  _  - -  1 

Recurrent  fulminating  meningucuccal  sepsis -  1 


The  duration  of  life  ranged  from  4  days  to  4  months:  10  died  on  the  5th 
day  of  illness,  3  on  the  7th,  2  on  the  8th,  3  on  the  9th,  2  on  the  10th,  1  on  the 
11th,  1  on  the  13th,  1  on  the  15th,  and  tlte  other  3  lived  1,  1,  and  4  months, 
respectively.  It  is  seen  that  only  9  of  these  26  patients  died  of  meningitis 
alone  ( 1  patient  was  treated  inadecpiately  beginning  on  the  7th  day  of  disease, 
and  sidfonamides  were  stopiied  in  1  after  good  response  because  of  assumed 
drug  fever).  Three  patients  died  of  myocarditis,  brain  abscess  due  to  Ncia- 
seria  intracellularky  and  pulmonary  infarction  after  recovery  from  meningitis. 
It  will  be  noted  that  there  was  no  instance  of  chronic  basilar  meningitis  or  of 
hydrocephalus,  the  common  sequelae  of  meningococcal  meningitis  in  the  past. 

COMPLICATIONS 

In  the  various  series  of  cases  of  meningococcal  meningitis  reported  dur¬ 
ing  World  War  II,  complications  of  the  disease  occurred  in  appro.ximately 
10  percent.  The  most  common  were  transient  paralyses  of  the  fourth,  sixth, 
seventh,  and  eighth  cranial  nerves.  Herpes  zoster  involving  the  trigeminal 
nerve  appeared  in  one  patient.  Aside  from  occasional  residual  nerve  deafness 
and  a  rare  instance  of  persistent  diplopia,  these  lesions  (  eared  completely 
with  recovery.  Paralysis  of  the  serratus  anterior  was  reported.*® 

In  fulminating  bacteremia,  electrocardiograms  were  rai-ely  made  because 
of  the  critical  condition  of  the  patient  and  the  emphasis  placed  on  needed 
therapy.  However,  two  instances  of  changing  electrocardiograms  with 
T-wave  inversions  and  abnormalities  in  the  S-T  segment  have  been  de- 


30  See  footnote  14,  p.  244. 
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scribed.**  Both  patients  recovered.  Sudden  and  unexpected  death  from 
myocarditis  occurred  in  one  patient  after  apparent  recovery  from  meningitis. 
In  this  case,  Holman  reported  marked  degenerative  changes  throughout  one- 
third  of  the  myocardium  at  necropsy.  Myocarditis  of  significant  grade  was 
present  at  necropsy  in  28  of  126  fatal  cases  with  adrenal  hemorrhage.  Bron¬ 
chopneumonia  terminally  was  not  uncommon.  Optic  atrophy,  corneal  ulcer¬ 
ation,  conjunctivitis  due  to  N.  Intrcu-eUnl-aris,  pericarditis,  and  osteoperiostitis 
have  each  been  noted  in  published  reports. 

Spontaneous  glycosuria  at  onset  was  reported  as  occurring  in  one-third 
of  26  patients  with  meningococcal  meningitis,**  but  rarely  among  Army  per¬ 
sonnel  during  the  Second  World  War.**  It  may  be  accompanied  by  ketosis, 
hyperglycemia,  and  diminished  sugar  tolerance.  Coma  with  glycosuria  and 
ketosis  at  the  onset  of  meningitis  might  lead  to  the  erroneous  diagnosis  of 
diabetic  acidosis. 

In  meningococcemia,  inflammatory  joint  affections  occurred  in  from 
one-third  to  one-half  of  the  cases.  These  were  usually  simple  inflammatory 
reactions  but  occasionally  effusion  into  the  joint,  and  rarely  pyarthrosis 
developted.  The  latter  required  aspiration,  but  surgical  drainage  was  not 
necessary  in  any  reported  case  during  the  Second  World  War.  Kesidual 
joint  stiffness,  persisting  for  some  weeks  after  recovery,  was  noted.** 

Some  of  the  ecchymotic  skin  lesions  ulcerated,  but  sloughing  of  large 
ecchymotic  lesions  rarely  occurred.  These  w’ere  slow  to  heal.  In  almost  all 
fatal  cases  of  bacteremia  and  many  of  meningitis,  pulmonary  edema  and 
effusion  into  the  pleural  sacs  were  terminal  complications  of  the  illness. 

Kenal  complications  of  meningitis  are  discussed  in  the  section  on  treat- 
nent. 

OTHER  MENINGOCOCCAL  INFECTIONS 

Only  one  instance  of  meningococcal  pneumonia  was  reported  during 
Worlil  War  II.**  This  followed  5  weeks  after  a  classical  attack  of  primary 
atypical  pneumonia.  The  patient  developed  severe,  diffuse  pneumonia  with 
high  fever.  The  sputum  on  two  occasions  contained  about  75  percent  men- 
ing(K*wci  (proved  bacteriological ly  and  serologically)  and  25  percent  hemo¬ 
lytic  streptococci,  group  A.  The  course  of  the  disease,  ending  in  recovery, 
was  apparently  not  influenced  by  the  adequate  doses  of  sulfadiazine  given. 
The  patient  gave  no  evidence  of  bacteremia  or  meningitis, 

•■>1  (1)  Rappnport,  J.  N.,  and  Zuckerbrod,  M. :  Recovery  From  Fulminating  Meningococcic  Infec¬ 
tion  With  Myoca-diti.s  Proved  by  Electrocardiography.  J.  I^ab.  4  Clin.  Med.  30:  307-316,  April  1945. 
(2)  Holman,  D.  V.,  and  Angevine,  D.  M.  :  Meningococcus  Myocarditis  ;  Report  of  Two  Cases  With 
Anatomical  and  Clinical  Characteristics.  Am.  .T.M.  Sc.  211 :  129-137,  February  1946. 

» Ferguson,  F.  C..  and  Barr,  D.  P.  :  Glycosuria  in  Meningitis.  Ann.  Int.  Med.  21:  173-186, 
August  1944. 

"  (1)  See  footnote  17,  p.  250.  (2)  Federer,  J.  J. :  Glycosuria  and  Hyperglycemia  Associated  With 

Acute  Meningitis :  Report  of  a  Case.  New  England  J.  Med.  233  :  342-343,  20  Sept.  1945. 

34  See  footnote  15,  p.  247. 

*  Roberg.  N.  B. :  Meningococcic  Pneumonia.  Bull.  U.S.  Arm.v  M.  Dept.  4  :  97-99.  .Inly  194.5. 
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Thirteen  cases  of  proved  iuenin<r«<'<K*cal  conjunctivitis  were  described 
ainonjr  l^.S.  Army  personnel  durinjr  World  War  II.^*  All  occurred  during 
the  period  of  increased  incidence  of  ineningoc<K'cal  infection,  and  only  one 
was  asso<‘iated  with  hactei'emia  or  meningitis.  The  response  of  alt  these 
patients  to  therapy  with  sulfadiazine  was  excellent. 

LABORATORY  DIAGNOSIS 

In  meningococcal  infections,  the  assistance  of  the  laboratory  in  arriving 
at  the  correct  etiology  and  confirming  the  clinical  diagnosis  was  directly  pro¬ 
portional  to  the  adequacy  of  methods  of  culture,  the  care  with  which  studies 
were  carried  out,  and  the  cooperation  lietween  the  wards  and  the  laboratory. 
At  the  beginning  of  the  epidemic,  lalioratory  officers  in  the  Army  hospital, 
like  the  clinicians,  had  had  relatively  little  experience  in  the  study  of  this 
disease.  The  standard  operating  jmx'edure  consisted  of  directing  the  ward 
nurse  or  attendant  to  send  the  tubes  of  cerebrospinal  fluid  obtained  from 
the  patient  to  the  laboratory  for  examination.  The  laboratory,  as  a  rule, 
made  no  great  speed  in  examining  this  fluid  or  inoculating  media.  Under 
these  conditions,  the  percentage  of  positive  cultures  and  of  bacteriologically 
confirmed  diagnoses  was  not  enviable.  As  the  number  of  cases  rose,  however, 
there  was  rapid  improvement  in  this  situation  in  most  hospitals,  with  better 
coordination  between  the  clinician  and  the  laboratory.  In  some  hospitals, 
a  representative  of  the  laboratory  came  immediately  to  the  bedside  wdien  a 
lumbar  puncture  was  to  be  done.  Inoculations  with  blood  and  cerebrospinal 
fluid  were  made  directly  into  previously  warmed  culture  media,  and  these 
were  promptly  incubated  in  proper  atmosphere.  The  improvement  in  results 
w'as  striking.  With  this  method,  it  was  possible  to  achieve  bacteriological 
confirmation  in  95  percent  of  the  patients  who  had  not  received  treatment 
wfith  sulfonamides  prior  to  obtaining  material  for  smear  or  culture.®^ 

The  micro-organisms  isolated  from  patients  during  the  outbreak  have, 
as  is  usual  in  these  infections,  been  predominantly  type  I.  The  distribution 
of  types  of  meningococci  recovered  by  the  Fourth  Service  Command  Labora¬ 
tory  from  1,436  known  cases  of  meningococcal  infections  from  August  1942 
to  December  1945  is  shown  in  table  39. 

In  the  majority  of  patients  ill  with  the  Waterhouse-Friderichsen  syn¬ 
drome  or  Avith  fulminating  sepsis,  careful  examination  of  films  of  blood 
taken  from  the  fingers  for  differential  counts  revealed  diplococci  within  the 
leukocytes.  Smeai*s  and  cultures  made  from  petechial,  purpuric,  or  even 

( 1 )  Bani‘r,  C.  K..  Gall,  E.  .4..  and  Co*.  C.  I).:  Moningoeoccal  Conjunctiritis ;  Report  of  Three 
Casea.  .Mil.  SurjuKin  95:  24  27.  Jul.v  1944.  (2)  Theodore.  F.  H..  and  Host.  P.  F.  :  Meningococclc 

Conjunclivitia.  Arch.  Ophth.  31;  245-247,  March  1944.  (3)  Reid,  R.  D.,  and  Bronstein,  L.  H. : 

Meningococclc  Conjunctivitis.  J.A.M.A.  124:  703,  11  Mar.  1944.  (4)  Tli.Tge8on,  P. :  Primary  Menin- 

gococ<'ic  Conjunctivitis  Treated  by  Sulfadiazine.  .4m.  J.  Ophth.  27  ;  400-401,  April  1944. 

37  .See  footnote  14  (1).  p.  244. 

3S  See  footnote  12,  p.  244. 
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macular  skin  lesions  showed  meningococci  in  many  instances.  Tompkins’* 
obtained  positive  cutaneous  smears  in  39  of  48  cases.  In  some  patients, 
smears  showed  bacteria  at  a  time  when  culture  of  the  blood  w’^as  sterile. 
Bernhard  and  Jordan*®  compared  the  results  of  concomitant  examination 
of  smears  and  cultures  of  material  from  purpuric  lesions  with  cultures  of 
the  blood  and  of  the  spinal  fluid  in  40  patients.  The  smears  from  the  pur¬ 
puric  lesions  were  positive  in  68  i)ercent  and  the  cultures  in  88  |)ercent, 
while  the  cultures  of  the  blood  and  cerebrospinal  fluid  were  jmsitive  in  75 
and  82  percent,  respectively. 


Table  39.- — Dislribution  of  types  of  meningococci  in  1,4S6  cases  of  meningococcal  infection, 
Fourth  Service  Command  Laboratory,  August  1942-Deeember  194-5 


Group  I _ 

Group  II _ 

Group  Ila,. 
Poly valent  * 

Total 


Types  o(  meningococci 


\uml>er 


Percent 


1,288 

89.  7 

27 

1.  9 

108 

7.  5 

13 

.  9 

1,  436 

100.  0 

■  Inciu<ies  micTo-orKiuiisms  with  the  liioiogicai  characteristics  o(  meningococci  tliat  agglutinate  in  polyvalent  anti- 
m  -ningococcal  serum  but  not  in  group-stH'ciflc  s*'rum. 


The  importance  of  careful  bacteriological  studies  should  not  be  under¬ 
estimated.  However,  during  an  outbreak  of  meningococcal  infection,  the 
diagnosis  of  bacteremia  can  and  must  be  made  on  clinical  grounds  long  be¬ 
fore  there  is  any  report  of  culture  of  the  blood  if  one  hopes  to  prevent 
meningitis  or  fulminant  infection.  The  finding  of  diplococci  in  leukocytes 
in  smears  of  blood  or  smears  from  purpuric  lesions  is  of  importance,  but  in 
patients  with  rash  the  clinical  impression  of  a  trained  observer  should  be 
relied  upon  in  instituting  treatment.  Since,  during  the  epidemic,  92  percent 
of  the  patients  with  meningococcal  meningitis  showed  a  characteristic  rash,*^ 
a  high  degree  of  diagnostic  accuracy  could  be  attained  on  purely  clinical 
grounds.  In  neither  meningitis  nor  bacteremia  should  initiation  of  treat¬ 
ment  be  delayed  by  waiting  for  laboratory  reports. 

TREATMENT 

At  the  beginning  of  the  epidemic,  although  Circular  Letter  No.  170  had 
been  issued,  there  was  little  standardization  of  treatment  in  U.S.  Army  hos¬ 
pitals.  To  a  great  extent,  this  was  due  to  the  dearth  of  published  reports 

39  Tompkins,  V.  N. :  The  Diagnostic  Vnliio  of  Smears  From  Purpuric  Lesions  of  the  Skin  in 
Meningococcic  Disease.  J.A.M.A.  123  :  31-32,  4  Sept.  1943. 

'<9  Bernhard,  W.  G..  and  Jordan,  A.  C. :  Diagnosis  of  Meningococcic  Infections,  Use  of  Material 
From  Skin  Lesions.  Mil.  Surgeon  93 :  405-409,  Xorember  1944. 

41  See  footnote  14  (1),  p.  244. 
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on  the  use  of  sulfadiazine  in  large  groups  of  patients  with  meningitis,  to 
difficulties  in  obtaining  the  drug,  and  to  the  inability  of  some  installations 
to  acquire  the  sodium  salt  of  sulfadiazine.  Early  cases  were  treated  with 
sulfanilamide,  sulfapyridine,  sulfathiazole,  or  sulfadiazine  alone  or  in  con¬ 
junct 'on  with  antisera  or  antitoxin.  Thomas,^-  of  the  Fourth  Service  Com¬ 
mand,  reported  a  mortality  of  20  i>ercent  in  40  cases  treated  during  the 
first  w'eek  of  the  epidemic  (the  week  ending  1  January  1943)  and  8.8  percent 
in  317  cases  early  in  the  epidemic.  However,  during  February  and  March 
1943,  this  was  lowered  to  2.1  percent  in  761  cases.  The  fall  in  mortality  was 
not  the  result  of  a  decrease  in  virulence  of  the  micro-organism.  While  108 
soldiers  were  being  treated  in  one  Army  hospital  in  the  Fourth  Service  Com¬ 
mand  WMth  a  mortality  of  less  than  3  percent,  there  were  4  deaths  among  8 
civilians  in  the  same  county.  The  early  high  mortality  was  probably  due 
to  inexperience  of  the  medical  officers  with  the  disease  and  delay  in  institut¬ 
ing  treatment.  Correction  of  these  conditions  was  prompt,  with  dramatic 
reduction  in  mortality. 

Meningococcemia. — The  treatment  of  soldiei-s  with  simple  meningococ- 
cemia  became  relatively  standardized  in  Army  installations  and  was  highly 
effective.  Under  clinical  observation,  it  became  obvious  that  those  with  un¬ 
complicated  meningococcemia  who  were  treated  early  did  not  require  large 
doses  of  sulfadiazine.  An  initial  dose  of  4  gm.  was  given  followed  by  1  gm. 
every  4  hours  until  the  temperature  had  been  normal  for  at  least  2  days. 
Parenteral  administration  was  resorted  to  in  patients  who  were  vomiting. 

Renal  complications. — Treatment  of  patients  with  meningitis  varied 
somewhat  at  different  Army  hospitals.  Massive  dosage  of  sulfadiazine 
reaching  more  than  20  gm.  in  the  first  24  hours  was  used,  with  the  achieve¬ 
ment  of  concentrations  in  the  blood  of  18  to  24  mg.  percent.  Among  134 
patients  so  treated,  complications  of  therapy  (86  percent  of  which  were 
renal)  occurred  in  28  percent.  At  another  hospital,  a  loading  dose  (of  so¬ 
dium  sulfadiazine)  of  0.1  gm.  per  kilogram  of  body  weight  was  given  intra¬ 
venously  in  1,000  cc.  of  isotonic  sodium  chloride  solution.  Following  this, 
one-half  the  initial  dose  was  given  parenterally  every  8  hours  until  the  pa¬ 
tient  could  retain  the  drug  by  mouth.  Concentrations  in  the  blood  and  cere¬ 
brospinal  fluid  of  13  and  11  mg.  percent,  respectively,  were  obtained  with 
excellent  therapeutic  results.  However,  gross  hematuria  occurred  in  15  per¬ 
cent  and  anuria  in  6.6  percent  of  the  patients.  When  dosage  w'as  reduced 
to  0.05  gm.,  followed  by  0.025  gm.  per  kilogram  of  body  weight  4  hours  later, 
and  the  latter  dose  repeated  every  8  hours  thereafter,  no  renal  complications 
were  noted.'**  With  this  dosage,  the  average  concentrations  of  sulfadiazine 
in  the  blood  and  spinal  fluid  were  8.5  and  6.5  mg.  percent,  respectively.  In 

See  footnote  14  (2),  p.  244. 

■•*{1)  Ochs,  I...  .Tr..  iind  Peters,  M. :  Mannf;ement  of  Menlnsococcic  Infections  at  the  Station 
Hospital,  Fort  Benning.  Ga.  War  Med.  4  ;  509-605,  December  1943.  (2>  Kaplan.  G. :  Massive-Dose 

Sulfadiazine  Therapy  in  Meningococcus  Meningitis.  New  York  State  J.  Med.  43 :  2210-2212,  15 
Nov.  1943. 

44  See  footnote  13,  p.  244, 
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this  connection,  it  is  of  interest  that  Dowling  ami  lA?pi)er  reported  tliat  no 
urinary  calculi  appeared  in  their  patients  with  pneumonia  when  the  concen¬ 
tration  in  the  blood  did  not  exceed  9.2  mg.  percent. 

Ochs  and  Peters,^®  while  treating  patients  with  an  initial  intravenous 
dose  of  10  gm.  of  sodium  sulfadiazine  in  5  percent  solution,  encountered  renal 
complications  in  5  of  23  patients.  Later,  2,000  cc.  of  %  molar  sodium  lactate 
was  given  intravenously  before  administering  the  sulfadiazine  with  the  com¬ 
plete  elimination  of  renal  complications. 

Drug  of  choice. — Sulfanilamide,  sulfathiazole,  and  sulfapyridine  were 
used  early  in  the  epidemic  because  of  the  scarcity  of  sulfadiazine.  The  lat¬ 
ter  became  the  standard  drug  for  treatment  because  of  its  efficiency  and  rela¬ 
tively  low  toxicity.  Sulfanilamide  retained  an  important  place  in  therapy 
until  penicillin  became  available.  When  gross  hematuria,  renal  colic,  oli¬ 
guria,  or  anuria  developed  during  sulfadiazine  therapy,  sulfanilamide  was 
an  etfective  substitute,  since  its  use  was  not  associated  with  the  deposition  of 
acetylated  material  in  the  urinary  tract. 

In  analyzing  the  records  of  300  of  the  patients  who  died  of  meningococ¬ 
cal  infection,*^  only  3  instances  of  death  as  a  result  of  sulfonamide  medica¬ 
tion  were  found.  All  of  these  were  due  to  renal  complications  caused  by 
therapy.  Since  it  can  be  assumed  that  virtually  all  patients  who  received 
any  specific  treatment  were  given  sulfonamides,  the  case  fatality  ratio  from 
complications  of  therapy  with  sulfonamides  in  the  13,922  cases  treated  dur¬ 
ing  the  Second  World  War  was  estimated  to  be  about  0.04  percent  (the  total 
mortality  from  renal  complications).  This  is  astounding  when  one  consid¬ 
ers  that  massive  dosage  was  administered  to  very  ill,  and  often  seriously 
dehydrated,  patients.  No  death  from  hemolytic  anemia  or  agranulocytosis 
was  encountered. 

Since  the  close  of  World  War  II,  other  sulfonamides  have  proved  cura¬ 
tive.  Gantrisin  has  been  shown  to  be  effective  in  two  small  series  of  cases 
of  meningococcal  infection.^®  It  has  the  virtue  of  greater  solubility  and, 
in  consequence,  rarely  causes  renal  complications.  If  extensive  trials  justify 
the  promise  of  this  drug,  it  may  be  preferred  to  sulfadiazine.  Its  dosage 
is  similar  to  that  of  sulfadiazine. 

Fulminating  infections. — The  treatment  of  soldiers  with  fulminating 
bacteremia  and  with  the  Waterhouse-Friderichsen  syndrome  may  be  consid¬ 
ered  together  as,  in  general,  their  treatment  was  identical.  Among  the  300 
deaths  analyzed,  156  patients  died  of  fulminating  meningococcal  bacteremia, 
126  with  and  30  without  adrenal  hemorrhage  (table  36).  Of  these,  30  had 

■♦5  Dowling,  H.  P.,  nnd  Ix'pper,  M.  H.  :  Toxic  Reactions  Following  Therapy  With  Sulfapyridine, 
Sulfathiazole  nnd  Sulfadiazine.  .T.A.M.A.  121:  1190-1194,  10  Apr.  1943. 

■*6  See  footnote  43  (1).  p.  262. 

See  footnote  18,  p.  2.';i. 

4S  (1)  Brickhouse,  R.  L.,  Lepper,  M.  H.,  Stone,  T.  E.,  and  Dowling,  H.  F. :  The  Treatment  of 
Pneumonia  and  Other  Infections  With  a  Soluble  Sulfonamide,  Gantrosan  (NU-445 ;  3,4-dlmethyl-5- 
sulfanllamldo-isoxazole).  Am.  J.M.  Sc.  218:  13.3-137.  August  1949.  (2)  Rhoads,  P.  S..  Svec,  F.  A., 

and  Rohr,  J.  H. :  Bacterial  Meningitis :  Results  of  Treatment  in  Seventeen  Cases  With  a  New 
Sulfonamide  (Gantrisin).  Arch.  Int.  Med.  S.'S:  259-264,  February  1950. 
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had  no  specific  therapy,  98  were  treated  with  sulfadiazine,  14  with  other 
sulfonamides,  and  in  14  there  was  no  record  of  treatment.  Penicillin  was 
given  concurrently  with  sulfadiazine  to  at  least  16  patients.  The  records 
concerning  antiserum,  antitoxin,  and  extracts  of  adrenal  cortex  were  not 
ade(:[uate  for  analysis. 

Thomas,^®  early  in  the  epidemic,  stated  that  the  three  major  objectives 
of  treatment  were  to  combat  bacteremia,  toxemia,  and  shock.  He  advocated 
3  to  5  gm.  of  sodium  sulfadiazine  intravenously  with  1,000  cc.  of  Vg  molar 
sodium  lactate  and  the  maintenance  of  a  concentration  of  sulfadiazine  in  the 
blood  of  10  to  15  mg.  percent.  Intravenous  administration  of  20,(>('''>  units  of 
meningococcal  antitoxin  was  advised  as  an  initial  dose,  followed  by  the 
same  amount  every  4  hours  until  100,000  units  had  been  given.  Plasma, 
isotonic  sodium  chloride,  and  aqueous  extract  of  adrenal  cortex  in  large  doses 
(30  cc.)  at  frequent  intervals  was  advocated.  In  instances  where  pulmonary 
edema  supervened,  it  was  suggested  that  500  cc.  of  1.5  percent  solution  of 
sodium  chloride  containing  25  gm.  of  dextrose  be  given.  A  goodly  number 
of  patients  were  treated  by  a  regimen  of  this  type  with  certain  variations. 
Many  received  no  antitoxin  and  others  either  insignificant  amounts  of 
adrenoc-oi-tical  extract  or  none.  In  the  ti-eatment  of  13  recovered  cases  of  the 
Waterhouse-Friderichsen  syndrome,  the  only  constant  and  recurrent  fea¬ 
tures  of  therapy  were  the  administration  of  sulfadiazine  in  adequate 
amounts,  intravenous  isotonic  sodium  chloride  and  dextrose,  and  oxygen. 
Penicillin,  adrenocortical  extract,  desoxycorticosterone  acetate,  plasma, 
adrenalin,  adrenalin  in  oil,  meningococcal  antitoxin,  or  antimeningococcal 
serum  were  given  in  some.  It  would  appear  from  the  description  of  treat¬ 
ment  that  recovery  occurred  in  any  case  where  early  adequate  antibacterial 
therapy  and  proper  antishock  measures  were  carefully  carried  out.  The 
major  objective  was  very  early  recognition  of  bacteremia  with  prompt  treat¬ 
ment  before  the  infection  became  fulminating. 

Cortisone,  which  has  become  available  since  World  War  II,  offers  an 
additional  potent  agent  in  combating  the  adrenal  insufficiency  incident  to 
adrenal  hemorrhage.  Too  few  instances  of  its  use  have  been  recorded 
clearly  to  evaluate  its  place  in  therapy.  However,  its  use  in  the  Waterhouse- 
Friderichsen  syndrome  with  adrenal  hemorrhage  is  rational,  in  view  of  its 
proved  value  in  critical  episodes  occurring  in  Addison’s  disease  with  compli¬ 
cating  infection.  The  number  of  circulating  eosinophils  should  be  deter¬ 
mined  to  assist  in  differentiating  this  syndrome  from  fulminating  bacteremia 
without  adrenal  hemorrhage;  the  former  may  show  more,  and  the  latter  less, 
than  50  cells  per  cubic  millimeter.  Therapy  with  cortisone  should  consist 
of  an  additional  dose  of  200  mg.  divided  into  four  50  mg.  doses  injected  in¬ 
tramuscularly  into  four  separate  sites  to  hasten  absorption.®®  Subsequent 

40  See  footnote  19,  p.  251, 

50  (1)  Personal  communication,  P.  H.  Forsliam.  to  the  author.  (2)  Forsham,  P.  H.,  and  Thorn, 
G.  W.  :  The  Diagnosis  and  Treatment  of  Adrenal  Cortical  Insufficiency.  Veterans  Admin.  Tech. 
Bull.  TB  10-62.  pp.  1-2.3,  30  Mar.  1950. 
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dosage  may  be  guided  by  following  the  level  of  circulating  eosinophils. 
These  should  be  kept  at  15  per  cubic  millimeter  or  below.®^  This  will  prob¬ 
ably  require  50  mg.  or  more  every  6  hours  for  the  first  2  days  and  25  mg.  at 
the  same  interval  for  the  next  3  days.  Thereafter,  the  dose  should  be  grad¬ 
ually  reduced  and  discontinued  over  the  period  of  1  week. 

Potent  new  pressor  agents  have  become  available  since  the  Second 
World  War.  Norepinephrine  by  continuous  intravenous  infusion  has 
proved  helpful  in  maintaining  blood  pressure  and  combating  shock  in  two 
instances  of  the  Waterhouse-Friderichsen  syndrome.®- 

Semm 

In  meningitis,  antimeningococcal  serum  in  conjunction  with  sulfadiazine 
was  employed  intravenously  and  occasionally  intrathecally  in  some  hospit¬ 
als.'^  Serum  was  often  given  to  patients  who  had  not  shown  an  adequate 
response  to  therapy  with  sulfonamide  36  to  48  hours  after  the  initiation  of 
treatment.  It  became  rapidly  apparent,  however,  that  patients  treated  with 
sulfonamides  alone  fared  as  well  as  those  to  whom  serum  was  given  in 
addition.**^ 

Antitoxin 

Meningococcal  antitoxin,  originally  advocated  by  Ferry  and  used 
extensively  by  Hoyne,**®  was  given  to  a  few  patients  with  meningitis,  espe¬ 
cially  those  with  fulminating  infections.  In  the  early  period  of  the  epi¬ 
demic,  antitoxin  was  employed  in  some  installations,  particularly  those  in 
the  Fourth  Service  Command,  in  patients  ill  with  fulminating  bacteremia. 
At  10  station  hospitals,  134  patients  were  treated  with  this  material.  It  was 
thought  by  Thomas®^  that  benefit  was  observed  in  56  of  these  patients.  In 
retrospect,  it  appears  that  mortality  in  cases  of  fulminating  bacteremia 
treated  with  antitoxin  is  not  lower  than  in  cases  treated  with  sulfadiazine 
alone.  The  excellent  therapeutic  results  with  sulfadiazine  alone  led  the 
Council  on  Pharmacy  and  Chemistry  of  the  American  Medical  Association 


51  Falcon,  W.  W.,  Reynolds,  R.  W.,  and  Beebe,  R.  T. :  The  Use  of  the  Direct  Eosinophil  Count 
in  the  Diagnosis  and  Treatment  of  Waterhouse-Friderichsen  Syndrome.  New  England  J.  Med.  242 : 
441-445,  23  Mar.  1950. 

52  (1)  Personal  communication,  P.  B.  Beeson,  to  the  author.  (2)  Unpublished  observations  of 
the  author. 

53  (1)  See  footnote  43  (1),  p.  262.  (2)  Borden,  W.  B.,  and  Strong,  P.  S. :  Epidemic  Meningitis: 

.\  Report  of  15  Cases  at  Fort  Eustis,  Virginia.  Mil.  Surgeon  91 :  517-522,  November  1942. 
(3)  Kasich,  M.,  and  Shulman,  B. :  Thirteen  Cases  of  Meningitis  Treated  With  Serum  and  Sulfona¬ 
mides  at  Station  Hospital,  Fort  Dix,  New  Jersey.  MU.  Surgeon  90  :  419-424,  April  1942. 

54  See  footnote  14  (2),  p.  244. 

55  Ferry,  N.  S. :  Meningococcus  Antitoxin ;  Prophylactic  and  Therapeutic  Tests  on  Guinea  Pigs. 
J.  Immunol.  23 :  315  -324,  October  1932. 

56  Hoyne,  A.  L.  :  Intravenous  Treatment  of  Meningococcic  Meningitis  With  Meningococcus  Anti¬ 
toxin.  J.A.M.A.  107:  478-481,  15  Aug.  1936. 

57  See  footnote  19.  p.  251. 
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to  remove  antiiueningococcal  serum  and  meningococcal  antitoxin  from  the 
Jiccepted  pi’epa  rat  ions  listed  in  “New  and  Nonotticial  Remedies.*' 

Penicillin 

During  the  early  period  of  the  war,  penicillin  was  in  its  experimental 
stage  and  not  in  sufficient  production  for  use  in  treatment  of  meningococcal 
infections.  Beginning  late  in  1943,  small  amounts  first  became  available  at 
some  Army  hospitals  for  the  treatment  of  patients  with  this  infection.  TB 
MED  (War  Department  Technical  Bulletin)  9,  dated  12  February  1944, 
first  advocated  the  use  of  penicillin  in  conjunction  with  sulfadiazine  in  pa¬ 
tients  with  fulminating  infection  and  in  those  who  failed  to  respond  to,  or 
should  not  receive,  sulfadiazine.  Therapy  both  intrathecally  and  by  the 
usual  parenteral  routes  was  advised  in  meningitis. 

There  were  relatively  few  published  reports  on  the  use  of  penicillin  in 
meningococcal  infections.  Kolmer  reported  that  in  96  collected  cases 
treated  by  intravenous,  intramuscular,  and  intrathecal  injections,  the  mor¬ 
tality  was  about  8.5  percent.  Of  these  96  cases,  76  were  described  by  Drs. 
D.  H.  Rosenberg  and  P.  A.  Arling,  who  stated  that  75  recovered,  a  death 
rate  of  1.3  percent.  This  is  comparable  to  the  mortality  in  similar  series  of 
patients  treated  with  sulfadiazine.®®  Although  the  reports  from  the  Army 
do  not  represent  studies  of  the  use  of  this  antibiotic  in  large  numbers  of 
patients,  they  quite  clearly  indicate  its  place  in  therapy. 

Rammelkamp  and  Keefer  found  no  penicillin  in  the  cerebrospinal 
fluid  after  constant  intravenous  administration  over  a  24-hour  period,  and 
as  a  result  of  their  observations,  the  intrathecal  together  with  other  paren¬ 
teral  routes  have  been  used  in  patients  w’ith  meningitis.  Rosenberg  and 
Sylvester®  reported  the  finding  of  penicillin  in  the  spinal  fluid  in  patients 
with  meningitis,  and  Price  and  Hodges  reported  the  cure  of  four  patients, 
following  intramuscular  and  intravenous  administrations  alone. 

58  Status  of  Antimeningococcic  Serum  and  Meningococcus  Antitoxin  ;  Report  of  the  Council  on 
Pharmacy  and  Chemistry.  J.A.M.A.  124  :  95,  8  Jan.  1944. 

59  Kolmer,  John  A. :  Penicillin  Therapy.  New  York  :  D.  Appleton-Century  Co.,  Inc.,  1945,  p.  202. 

60  (1)  See  footnote  14  (1),  p.  244.  (2)  Hill,  L.  W.,  and  Lever,  H.  S. :  Menlngococclc  Infection 

in  an  Army  Camp.  J.A.M.A.  123  :  9-13,  4  Sept.  1943. 

61  (1)  Kinsman,  J.  M.,  and  D'Alonzo,  C.  A.:  Meningococcemia  ;  A  Description  of  the  Clinical 

Picture  and  a  Comparison  of  the  Efficacy  of  Sulfadiazine  and  Penicillin  in  the  Treatment  of  Thirty 
Cases.  Ann.  Int.  Med.  24:  G06-617,  April  1946.  (2)  Kinsman,  J.  M.,  and  D'Alonzo,  C.  A.;  The 

Penetration  of  Penicillin  Through  Normal  and  Inflamed  Meninges.  New  England  J.  Med.  234 : 
459-463,  4  Apr.  1946.  (3)  Letter,  Lt.  Col.  J.  Murray  Kinsman.  MC,  Chief,  Medical  Service,  Regional 

Hospital,  Fort  Bragg,  N.C.,  to  The  Surgeon  General,  27  Mar.  1945,  subject :  Transmittal  of  Report 
[Penicillin  Studies].  (4)  Rammelkamp.  C.  H.,  and  Kirby,  W.  M.  M. :  Factors  Determining  the 
Dosage  of  Penicillin  in  the  Treatment  of  Infections.  Bull.  New  York  Acad.  Med.  21  :  656-672, 
December  1945.  (5)  Dotterer,  J.  E. :  A  Fatal  Case  of  Meningococcal  Meningitis  Treated  With 

Sulfadiazine  and  Penicillin.  ETO  Med.  Bull.  31:  36-38,  May-June  145.  (6)  Lo  Vetere,  A.  A.: 

Penicillin’s  Application  to  Meningitis,  Meningococcemia  and  Septicemia.  Kentucky  M.J.  43 :  24-27, 
January  1945.  (7)  Price,  A.  H.,  and  Hodges,  J.  J. ;  Treatment  of  Meningitis  With  Penicillin 

Injected  Intravenously  and  Intramuscularly,  New  York  State  J.  Med.  44  :  2012-2014.  15  Sept.  1944. 

62  Rammelkamp,  C.  H.,  and  Keefer,  C.  S. :  The  Absorption.  Excretion,  and  Disti'lbutlon  of 
Penicillin.  J.  Clin.  Investigation  22  :  425-4.37,  May  1943. 

®  Rosenberg,  D.  H.,  and  Sylvester,  .1.  C. :  The  Excretion  of  Penicillin  In  tiic  Spinal  Fluid  In 
Meningitis.  Science  100:  132-13.3.  11  Aug.  1944. 
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Studies  were  uiulertaken  at  the  Itefrioiial  Hospital  at  Fort  Bragg,  N.C., 
to  obtain  fiu*ther  information  on  tlte  nmst  efficient  mode  of  therapy.  In  20 
patients  with  primary  or  secondary  syphilis  given  20,000  to  40,000  units  of 
penicillin  every  hours  from  1  to  8  days,  no  penicillin  appeared  in  the 
spinal  fluid.  In  six  patients  with  meningo<*(K'cemia  uncomplicated  by 
meningitis,  2r),0(M)  to  40,(K)0  units  of  pencillin  were  given  at  tbe  same  interval. 
Twelve  specimens  of  spinal  fluid  obtained  8  and  24  bours  after  institution  of 
therapy  and  on  the  fifth  and  ninth  days  of  treatment  .diowed  no  penicillin. 
One  patient  with  tuberculous  meningitis  showed  a  trace  of  penicillin  at  the 
11th  hour  after  200, 0(X)  units  of  penicillin,  and  none  at  the  2.‘ld  hour.  An¬ 
other  patient  with  the  same  disease  was  given  comparable  amounts  and 
showed  no  penicillin  in  the  spinal  fluid  at  18  hours,  and  only  a  trace  at  23 
hours  when  the  blood  level  was  0.4  units  i)er  cubic  centimeter.  I'wo  patients 
with  meningocwcal  meningitis  were  ti’eated  intramuscularly  only.  One 
showed  a  measurable  amount  of  penicillin  in  the  spinal  fluid  only  at  24 
hours,  and  in  the.  other  assays  reveale<l  none  at  lb  hours 

after  treatment  was  l)egun.  Both  patients  showed  initial  improvement  but 
relapsed  after  24  hours.  In  one.  culture  of  the  spinal  fluid  remained  positive 
for  meningococci.  Both  patients  recovered  promptly  when  sulfadiazine  was 
administered.  In  seven  other  patients  with  meningococcal  meningitis,  peni¬ 
cillin  was  administered  (intrantuscularly)  in  large  doses  in  the  early  part  of 
their  illness  prior  to  beginning  the  usual  therapy  with  sulfadiazine.  The 
range  of  penicillin  in  the  spinal  fluid  was  from  0  to  0.5  units  per  c\ibic  centi¬ 
meter.  1VL>  to  27  hours  after  treatment  was  started.  It  is  clear  that,  without 
intrathecal  administration,  penicillin  may  penetrate  into  the  spinal  fluid,  but 
irregularly  and  in  low  concentrations.  This  work  did  not  invalidate  reported 
recoverie.s,  but  it  indicated  the  hazards  of  modes  of  therapy  that  exclude 
the  intrathecal  route. 

It  was  demonstrated  that,  following  the  administration  of  10,000  units 
of  penicillin  intrathecally,  from  4  to  20  units  per  cubic  centimeter  were  still 
present  in  the  spinal  fluid  8  hours  later  and  from  0.08  to  0.31  units  after  24 
hours. 

In  a  study  of  comparable  cases  of  uncomplicated  meningococcal  bac¬ 
teremia,  18  were  treated  with  penicillin  and  12  with  sulfadiazine.  All  pa¬ 
tients  recovered  and  were  free  of  symptoms  within  24  hours.  Those  treated 
with  penicillin  had  normal  temperatures  at  12  hours  while,  in  the  su.fadiazine 
group,  the  tem|>eratures  remained  elevated  for  24  hours.  The  rash  faded  in 
both  groups  in  2  days.  Penicillin  was  apparently  more  effective  than  sulfa¬ 
diazine  in  rapidly  controlling  symptoms  in  this  group.  However,  its  incon¬ 
stant  appearance  in  the  spinal  fluid  after  intramuscular  injection  made  it 
a  less  desirable  mode  of  therapy,  since  bacteriostatic  levels  of  penicillin  in 

«4  Sep  footnote  61  (2),  p.  266. 

See  footnote  61  (1),  p.  266. 
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the  spinal  fluid  could  not  be  depended  upon  to  prevent  meningitis,  or  to 
control  early  meningitis  if  it  occurred  in  these  cases. 

In  eight  patients  with  meningococcal  meningitis,  alternate  cases  were 
treated  either  with  sulfadiazine  in  the  usual  dosage,  or  with  25,000  to  40,000 
units  of  penicillin  every  .‘1  hours  intramuscularly  and  10,000  units  intra- 
thecally  daily  for  3  days.®®  All  patients  recovered.  Those  treated  with 
sulfadiazine  developed  normal  temperatures  moi’e  rapidly,  became  free  of 
headache  and  meningeal  manifestations  sooner,  and  were  out  of  bed  earlier 
than  those  who  received  j)enieillin.  One  patient  who  received  intrathecally 
10,000  units  of  a  dark-colored  penicillin  in  10  cc.  of  normal  saline  promptly 
developed  e.xtreme  headache,  stiffness  of  the  neck,  opisthotonos,  and  increas¬ 
ing  fever  associated  with  a  rise  of  leukocytes  in  the  spinal  fluid  from  a  few 
hundred  to  50,000  within  a  few  hours.  It  became  necessary  to  stop  the  intra¬ 
thecal  penicillin  and  resort  to  sulfadiazine  therapy.  One  other  patient  given 
the  same  dark-colored  penicillin  developed  meningeal  irritation  of  less 
marked  grade. 

In  reviewing  .‘100  fatalities  due  to  meningococcal  infection  (table  36), 
instances  of  the  administration  of  20,000  to  25,000  units  of  penicillin  intra- 
the<*ally  were  noted.  In  one,  following  a  large  cisternal  dose,  hemorrhage  in 
the  medulla  was  found  at  necropsy.®^  Several  instances  of  pleocytosis  and 
actual  hemorrhage  have  attended  doses  in  excess  of  10,000  units.®* 

^leningitis  developed  in  two  patients®*  while  on  intramuscular  peni¬ 
cillin.  One  was  being  treated  for  meningococcemia  and  one  for  abdominal 
wounds.  From  the  history  of  the  first  patient  it  is  possible  that  meningitis 
already  existed  in  spite  of  a  normal  spinal  fluid. 

In  rare  instances,  penicillin  was  effective  when  sulfadiazine  failed.  A 
native  of  New  Guinea  (at  Aitape)  was  seen  at  the  30th  Evacuation  Hospital 
by  the  author  and  Col.  Vernon  J.  Erkenbeck,  MC,  in  a  moribund  condition 
with  meningococcal  meningitis.  He  had  been  under  treatment  with  massive 
doses  of  sulfadiazine  for  5  days,  and  concentrations  of  sulfadiazine  in  blood 
and  spinal  fluid  Avere  high.  In  spite  of  this,  there  was  extreme  opisthotonos 
and  hyperpnea,  and  death  seemed  imminent.  Penicillin  intrathecally  and 
intravenously  produced  rapid  improvement  and  ultimate  recovery. 

Since  World  War  II,  it  has  been  shown  that  satisfactory  cerebrospinal 
fluid  levels  of  penicillin  can  be  attained  by  the  intramuscular  route  alone  if 
enough  penicillin  is  given.  Dowling  and  his  coworkers’®  found  that  1  mil¬ 
lion  units  of  aqueous  penicillin  intramuscularly  every  2  hours  resulted  in 
adequate  concentrations  in  the  cerebrospinal  fluid. 


66  See  footnote  52  (2),  p.  265. 

67  See  footnote  18,  p.  251. 

68  Annual  Report,  Professional  Service  Division,  Medical  Consultation  Service,  Office  of  the  Chief 
Surgeon,  Headquarters,  European  Theater  of  Operations,  U.S.  Army,  30  Dec.  1944,  p.  13. 

69  (1)  See  footnote  61  (5),  p.  266.  (2)  Personal  communication,  W.  M.  M.  Klrhy,  to  the  author. 

70  Dowling.  H.  F.,  Sweet,  L.  K..  Hirsh,  H.  L.,  and  I.epper,  M.  H. :  Specific  Therapy  of  Bacterial 
Infections  of  the  Central  Nervous  System.  J..\.M.A.  139 :  755-758,  19  Mar.  1949. 
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It  becomes  clear  that  sulfadiazine  has  proved  to  be  the  drug  of  choice 
in  the  mild  or  average  instance  of  meningococcal  infection.  Penicillin  should 
not  be  used  as  a  routine  measure.  It  should  be  given  in  massive  dosage  in 
conjunction  with  sulfadiazine  in  fulminating  bacteremia  or  meningitis,  and 
to  replace  it  when  intolerance  to,  or  complications  from,  sulfadiazine  de¬ 
velop.  Wlien  improvement  is  not  noted  after  36  hours  of  treatment  with 
sulfadiazine,  massive  parenteral  penicillin  therapy  should  be  instituted  with¬ 
out  discontinuing  sulfadiazine. 

Therapy  With  Other  Drugs 

Certain  new  antibiotics  that  have  become  available  since  World  War  II 
are  highly  effective  in  the  treatment  of  both  bacteremia  and  meningitis. 
Aui’eomycin  (chlortetracycline),^'  chlonimphenicol,^-  and  Terramycin  (oxy- 
tetracycline) have  been  used  successfully  in  the  treatment  of  small  groups 
of  patients.  Should  a  patient  demonstrate  clear-cut  evidence  of  sensitivity 
to  the  sulfonamides  and  penicillin,  one  of  these  other  drugs  can  be  used 
with  confidence. 

Adjuvant  Therapy 

Fluid  balance. — Patients  admitted  with  meningitis,  or  severely  ill  with 
bacteremia,  are  almost  invariably  dehydrated,  so  that  careful  attention  to 
fluid  balance  is  necessary  for  its  own  sake  as  well  as  to  prevent  the  renal 
complications  of  sulfonamide  therapy.  Urine  flow  should  not  be  less  than 
1,200  cc.  per  day.  Attention  to  this  detail  of  therapy  was  often  painfully 
learned  by  medical  officers  when  gross  hematuria  or  oliguria  developed  dur¬ 
ing  administration  of  sulfadiazine.  It  was  soon  found  that  the  use  of  sodium 
sulfadiazine  in  5  percent  solution,  as  suggested  in  Circular  Letter  No.  170, 
was  fraught  with  danger  unless  a  large  amount  of  fluid  had  preceded  treat¬ 
ment.  When  the  patient’s  condition  permits  slight  delay,  Ochs’  recommen¬ 
dation  of  2,000  cc.  of  %  molar  sodixun  lactate  prior  to  sulfadiazine  may  be 
wise.  He  also  advocated  using  the  same  quantity  of  this  solution  following 
the  drug  and  the  maintenance  of  an  alkaline  urine.  However,  renal  com¬ 
plications  were  rare  when  the  initial  dose  of  sodium  sulfadiazine  was  admin¬ 
istered  in  1,000  cc.  of  isotonic  sodium  chloride  or  the  same  volume  of  %  molar 
sodium  lactate.  In  some  hospitals,  the  major  portion  of  the  intake  of  fluid 
was  administered  to  comatose  patients  by  Levin  tube  and  in  others  by  a 
parenteral  route.  The  latter  is  preferable  when  there  is  vomiting. 

71  Conn,  Howard  F.  (editor)  :  Current  Therapy.  Philadelphia :  W.  B.  Saunders  Co.,  1961,  p.  19. 

7aMcCrumb,  F.  K.,  Jr.,  Hall,  H.  E.,  Merldeth,  A.  M.,  Deane,  G.  B.,  Minor.  J.  V.,  and  Wood¬ 
ward.  T.  E. :  Chloramphenicol  in  the  Treatment  of  Meningococcal  Meningitis.  Am.  J.  Med.  10 : 
696-703.  June  1951. 

78  Hoyne,  A.  L.,  and  Riff,  E.  R. :  Terramycin  Therapy  for  Meningitis ;  A  Report  of  Fourteen 
Recoveries  Without  Other  Medication.  J.  Pedlat.  39 :  151-154,  August  1961. 

74  See  footnote  43  <1),  p.  262. 
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Sedation. — Restlessness  is  common  and  when  mild  can  be  disregarded  or 
allayed  by  simple  sedatives,  such  as  the  barbiturates.  Great  restlessness  and 
almost  maniacal  delirium  occur  frequently  with  meningitis,  often  making 
lumbar  puncture  or  intravenous  treatments  difficult  or  impossible.  Paralde¬ 
hyde,  16  cc.,  proved  the  most  effective  sedative.  Intravenous  barbiturates 
are  occasionally  necessary,  though  undesirable.  Morphine,  though  consid¬ 
ered  hazardous  by  some  because  of  its  depressant  effect  on  respiration,  is  at 
times  essential.  Extreme  restlessness  and  even  delirium  can  often  be  relieved 
by  lumbar  puncture  with  the  reduction  of  pressure  of  the  spinal  fluid. 
Catheterization  with  relief  of  bladder  distention  often  quiets  a  restless, 
thrashing  patient  who  is  hard  to  keep  in  bed.  It  has  been  noted  that  the 
delirium  is  frequently  a  resistive  one,  so  that  attempts  to  restrain  the  pa¬ 
tient’s  movements  result  in  a  heightening  of  delirium.  Freedom  to  thrash 
about  in  bed  for  a  few  minutes  without  restraint  is  often  followed  by  quiet 
and  relaxation.  In  fulminating  bacteremia,  morphine  appears  to  be  the 
most  effective  drug  for  restlessness  and  is  indicated  if  shock  supervenes. 

Lumbar  puncture. — Initial  diagnosis  may  be  the  only  occasion  for  the 
use  of  this  procedure  in  patients  who  show  prompt  and  continued  improve¬ 
ment  following  treatment.  As  a  therapeutic  procedure  for  reduction  of 
intracranial  pressure,  lumbar  puncture  is  of  great  importance  when  headache 
is  excessive,  restlessness  intractable,  coma  deepening,  and  hyperpnea,  Biot’s 
breathing,  or  other  respiratory  abnormalities  are  marked.  Striking  im¬ 
provement  has  been  noted  in  patients  following  reduction  in  intracranial 
pressure. 

Complete  recovery  with  return  to  full  duty  after  an  average  hospitali¬ 
zation  for  1  month  and  a  similar  period  on  sick  furlough  or  reconditioning 
has  been  usual.  Data  as  to  actual  days  lost  are  not  available.  In  mild  and 
uncomplicated  bacteremia,  many  soldiers  have  been  returned  to  full  duty 
within  2  weeks  from  onset. 

Preliminary  tabulations  of  individual  medical  records,  during  1942-46, 
indicate  that  105  U.S.  Army  personnel  were  separated  for  disability  due  to 
meningococcal  infection. 

PATHOLOGICAL  FINDINGS 

The  vast  amount  of  pathological  material  available  at  the  Armed  Forces 
Institute  of  Pathology  is  being  carefully  studied  by  the  medical  officers  as¬ 
signed  there.  The  major  lesions  disclosed  at  autopsy  in  those  patients  who 
died  of  meningitis  were  inflammatory  changes  in  the  leptomeninges  of  the 
brain  and  cord,  usually  without  evidence  of  organization  of  exudate.  True 
encephalitis  was  present  in  relatively  few  cases  (p.  257).  The  pathological 
findings  in  patients  with  meningitis  who  died  early  were  comparable  with 
those  who  died  of  bacteremia. 

Of  the  156  patients  who  died  from  fulminating  bacteremia  (table  36), 
126  showed  hemorrhage  in  the  adrenal  glands  ranging  from  mild  extravasa- 
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tions  to  the  conversion  of  botli  glands  into  sacs  of  blood.  Thei’e  was  no 
evidence  of  meningitis  in  74  of  these  156  patients  and  in  64  others  the 
meningeal  inflammation  was  minimal.  Pulmonary  edema  was  striking  in 
almost  all  and  gross  hemorrhage  into  the  lung  was  not  unusual.  There  were 
small  effusions  into  one  or  both  pleural  cavities  in  about  half  of  the  patients. 
Widespread  focal  hemorrhages  were  scattered  over  the  serous  surfaces  in 
most  cases  and  sometimes  involved  the  myocardium.  Interstitial  myocar¬ 
ditis,  occasionally  severe  but  usually  of  mild  focal  character,  occurred  in 
28  of  the  126  patients  with  adrenal  hemorrhage.  Renal  changes  indicative 
of  shock  were  observed  in  6  of  26  patients  analyzed  by  Thomas.'^®  As  has 
been  noted  (p.  263),  in  only  3  of  the  300  patients  who  died  of  meningococcal 
infection  was  death  the  result  of  renal  lesions  due  to  sulfonamides. 

TREATMENT  OF  MENINGOCOCCAL  INFECTIONS 

It  seems  worthwhile  to  outline  briefly  recommendations  for  treatment 
based  on  the  published  reports  and  the  experience  of  many  medical  officers 
with  about  14,000  patients  ill  with  meningococcal  infection  during  World 
War  II,  and  on  advances  in  therapy  since  the  war  ended. 

Acute  or  chronic  bacteremia. — Sulfadiazine,  4.0  gm.,  should  be  given  by 
mouth  and  be  followed  by  1  gm.  every  4  hours  until  fever,  symptoms,  and 
other  manifestations  of  infection  have  been  absent  for  at  least  48  hours. 
When  there  is  vomiting,  comparable  amounts  of  sodium  sulfadiazine  dis¬ 
solved  in  a  liter  of  normal  saline  solution  should  be  administered  intra¬ 
venously.  These  dosages  are  usually  sufficient  to  maintain  a  concentration 
in  blood  from  5  to  11  mg.  per  100  cc.  of  plasma,  and  as  a  rule  prevent  the 
development  of  fulminating  bacteremia  or  meningitis. 

Fulminating  bacteremia  with  peripheral  circulatory  failure. — This  is 
a  major  medical  emergency  requiring  immediate  action  and  continued,  con¬ 
stant  observation  by  resourceful  physicians  and  nurses.  Even  though  menin¬ 
gitis  is  present  or  suspected,  it  is  of  quite  secondary  importance,  and  the 
patient  should  not  be  subjected  to  the  strain  of  lumbar  puncture. 

An  hourly  chart  of  pulse,  respiration,  temperature,  and  blood  pressure 
is  begun.  The  patient  is  placed  in  the  shock  position.  Oxygen  is  admin¬ 
istered  continuously  to  combat  cyanosis.  External  warmth  is  applied.  An 
infusion  of  sodium  sulfadiazine,  0.1  gm.  per  kilogram  of  body  weight  dis¬ 
solved  in  1,000  cc.  of  normal  saline  solution,  is  begun  in  an  antecubital  vein 
of  one  arm;  in  the  other  arm,  an  infusion  of  500  cc.  of  10  percent  dextrose 
in  water  is  begun;  500,000  units  of  penicillin  dissolved  in  20  cc.  of  normal 
saline  solution  are  injected  into  the  tubing  and  then  100  cc.  of  aqueous 
adrenocortical  extract.  This  is  followed  by  500  cc.  of  plasma  or  blood,  if  it 
appears  necessary.  Meanwhile,  the  following  intramuscular  injections  are 
given:  (1)  Cortisone,  200  mg.  divided  into  four  50  mg.  doses  injected  into 


T3  See  footnote  14  (2).  p.  244. 
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four  separate  sites,  and  (2)  penicillin,  1  million  units  divided  into  two 
500,000-unit  doses  injected  into  two  separate  sites.  If  the  systolic  blood 
pressure  is  80  mm.  of  mercury  or  less,  a  4-cc.  ampule  of  /-norepinephrine 
(levofed  bitartrate,  each  cubic  centimeter  containing  1  mg.  of  levofed  base) 
should  be  added  to  the  flask  of  10  percent  glucose  and  given  at  a  rate  neces¬ 
sary  to  maintain  adequate  blood  pressure.  This  is  usually  about  2  to  4 
per  minute. 

Further  therapy  may  include:  (1)  Plasma,  or  25  gm.  of  concentrated 
human  albumin  administered  in  5  percent  solution,  if  indicated  for  shock; 
(2)  sodium  sulfadiazine,  0.05  gm.  per  kilogram  of  body  weight  every  4  hours 
intravenously  until  the  drug  (approximately  1  to  1.5  gm.  every  4  hours)  is 
tolerated  by  the  oral  route;  (8)  penicillin,  1  million  units  every  2  hours 
intramuscularly;  (4)  cortisone,  50  mg.  intramuscularly  every  6  houi's  for 
the  first  2  days  and  25  mg.  every  6  hours  for  the  next  3  days;  thereafter,  the 
dose  should  be  gradually  discontinued  over  the  course  of  a  week;  and  (5) 
small  quantities  of  ginger  ale  or  sweetened  fruit  juice,  orally,  as  soon  as 
possible  amounting  to  3,000  cc.  of  fluids  or  more  daily. 

The  dosage  of  sulfadiazine  should  be  guided  by  frequent  determinations 
of  drug  level  in  the  blood,  15  to  20  mg.  per  100  cc.  being  the  optimum  range 
Full  chemotherapy  should  be  continued  for  at  least  4  days  after  the  patient 
has  recovered  from  the  acute  phase  of  his  disease,  counted  from  the  first 
day  of  normal  temperature. 

After  the  first  day,  no  more  than  1,000  cc.  of  normal  saline  need  be 
given  daily  intravenously.  Should  pulmonary,  sacral,  or  peripheral  edema 
appear,  however,  the  quantity  of  normal  saline  solution  should  be  markedly 
reduced.  If  marked  pulmonary  edema  develops,  1  to  3  units  of  plasma  or 
25  to  50  gm,  of  concentrated  human  albumin  may  be  administered  slowly. 
Positive  pressure  oxygen  may  be  helpful. 

If  the  patient  is  failing,  hypoglycemia  and  hypopotassemia  should  be 
considered.  The  appropriate  blood  determinations  should  be  made,  and  their 
abnormalities  corrected.  An  electrocardiogram  might  show  evidence  of 
potassium  deficiency. 

In  those  patients  with  fulminating  bacteremia  whose  manifestations  are 
not  those  of  shock,  the  use  of  plasma,  norepinephrine,  oxygen,  and  adreno¬ 
cortical  compounds  should  be  omitted. 

A  count  of  circulating  eosinophils  should  be  performed  to  assist  in  dif¬ 
ferentiation  of  the  Waterhouse-Friderichsen  syndrome  from  fulminating 
sepsis  without  adrenal  insufficiency;  the  former  may  show  more,  and  the 
latter  less,  than  50  cells  per  cubic  millimeter.  Cortisone  dosage  should  be 
adequate  to  maintain  the  number  of  eosinophils  at  15  per  cubic  millimeter 
or  less. 

Meningitis. — The  potential  seriousness  of  this  condition  is  such  that,  re¬ 
gardless  of  its  severity,  all  patients  should  receive  a  liter  of  saline  contain¬ 
ing  sodium  sulfadiazine  intravenously — 6  gm.  for  a  heavyweight,  5  gm.  for 
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51  medium weiglit,  5uul  4  gm.  foi'  a  iiglit weight  adult.  It  is  wise  to  administer 
half  the  original  dose  parenterally  4  hours  later,  but,  in  conscious  and  co¬ 
operative  patierds  Avho  are  not  vomiting,  the  oral  route  may  be  used  at  this 
time.  If,  following  this,  continued  parenteral  therapy  is  needed,  2  gm.  of 
sulfadiazine  dissolved  in  saline  should  be  injected  intravenously  or  subcu¬ 
taneously  every  8  hours.  In  comatose  patients,  the  drug  may  be  adminis¬ 
tered  by  stomach  tube.  Sulfadiazine,  in  doses  of  1  to  1.5  gm.  orally  everj' 
4  hours,  will  usually  maintain  the  concentration  in  blood  around  8  mg.  and 
concentration  in  the  spinal  fluid  around  6  mg.  per  100  cc.  A  concentration 
in  blood  of  6  to  10  mg.  is  adequate.  In  fulminating  cases,  the  dosage  should 
be  adjusted  to  maintain  the  concent r5vt ion  in  the  blood  between  15  and  20 
mg.  per  100  milliliter.  In  the  gravely  sick  cases,  i)enicillin  should  also  be 
used,  in  the  doses  just  mentioned.  If  the  patient  is  known  to  be  sensitive  to, 
or  develops  complications  of,  sulfonamide  treatment,  penicillin  in  massive 
dosage  (1  million  units  every  2  hours)  should  replace  it.  If  sensitivity  to 
both  of  these  agents  should  be  present,  chloramphenicol,  Aureomycin,  and 
Terramycin  are  effective  drugs. 

DISCUSSION 

The  experiences  of  medical  officers  who  have  treated  meningococcal  in¬ 
fection  during  the  Second  World  War  have  clarified  and  extended  knowledge 
of  the  various  forms  which  this  infection  may  assume.  These  observations 
amply  confirmed  the  opinion  of  Herrick  and  others  in  the  World  War  I 
epidemic  that  the  disease  begins  as  a  bacteremia  and,  if  not  prevented  by 
spontaneous  resistance  or  therapy,  involves  the  meninges,  skin,  and  other 
organs,  or  it  may  be  fatal  in  the  bacteremic  form. 

The  major  contribution  has  been  the  development  of  a  tried  therapeutic 
plan,  Avhich  has  reduced  the  case  fatality  to  4  percent  in  contrast  to  about 
31  percent  in  World  War  I  (table  34).  In  the  Zone  of  Interior,  where  no 
problem  of  evacuation  existed,  the  case  fatality  was  3.9  percent  compared 
to  4.5  percent  for  oversea  areas.  The  ratios  for  the  continental  United  States 
in  1944  and  1945  were,  respectively,  2.9  and  4.9  percent,  based  on  2,577  and 
815  cases.  It  is  not  probable  that  with  our  present  therapeutic  tools  mor¬ 
tality  can  be  further  significantly  reduced,  unless  some  means  can  be  found 
which  will  enable  the  physician  to  recognize  incipient  meningococcal  bac¬ 
teremia  during  the  phase  of  prodromal  respiratory  symptoms. 


CHAPTER  X 


Cutaneous  and  Other  Aspects  of  Diphtheria 

Averill  A.  Liebow,  M.D.^  and  John  H.  Bumstead,  M.D. 

Diphtheria  was  a  new  and  serious  problem  to  the  U.S.  Army  during  the 
Second  World  War.  Combat  in  the  tropics  again  prov’ed  to  be  particularly 
favorable  for  the  spread  of  this  disease,  especially  the  cutaneous  form. 
During  the  First  World  War,  the  British  recognized  the  diphtheritic  nature 
of  the  desert  sores  that  were  so  prevalent  among  the  troops  in  Egypt  and 
Palestine.  In  World  War  II,  lesions  of  the  same  nature  were  common  dur¬ 
ing  the  North  African  campaign  over  similar  terrain.  During  1943  and 
1944,  cutaneous  diphtheria  on  a  large  scale  became  apparent  among  troops 
in  the  Pacific.  Hitherto,  it  had  not  been  reported  from  that  area,  and  it 
was  not  until  Corynehacterhim  diphtheriae  was  found  in  such  lesions  known 
as  tropical  ulcer,  ecthyma,  and  jungle  rot  that  their  etiology  was  determined. 
These  lesions  were  of  epidemiological  importance  because  they  were  a  pro¬ 
lific  source  of  pharyngeal  and  nasal  diphtheria  among  the  soldiers  and  to 
those  with  whom  they  came  in  contact.  It  was  found  that  an  enormous 
reservoir  of  diphtheria — in  the  cutaneous  form  resembling  that  seen  in  sol¬ 
diers — existed  among  natives  in  the  Pacific,  particularly  among  the  children. 
The  lesions  of  childhood  probably  accounted  for  the  immunization  of  the 
natives  early  in  life.  It  seemed  that  the  conditions  of  combat  reduced  Ameri¬ 
can  soldiers  to  the  epidemiological  conditions  prevailing  among  the  natives. 

Studies  of  the  lesions  of  soldiers  and  of  natives  in  the  tropics  revealed 
the  presence  of  a  hitherto  unknown  hemolytic  corynebacterium,  which  could 
easily  be  confused  either  with  G.  diphtheriae  on  Loffler’s  medium  or  with  the 
beta  hemolytic  streptococcus  on  blood-agar  plates. 

Several  groups  of  investigators  seized  the  opportunity  to  study  the 
effectiveness  of  penicillin  in  the  treatment  of  the  numerous  carriers  and 
clinical  cases  of  diphtheria  that  were  available  in  some  hospitals. 

Part  I.  General  Aspects  of  the  Military  Problem 

INCIDENCE 

Preliminary  statistical  data  on  the  incidence  (total  cases)  of  diphtheria 
in  the  U.S.  Army  for  the  years  1942-45  by  area,  based  on  sample  tabulations 
of  individual  medical  records,  are  presented  in  table  40.  During  1942 
through  1945,  619  cases  of  diphtheria  were  reported  in  the  Army  in  the 
continental  United  States  and  5,105  additional  cases  from  the  Army  overseas. 
Among  the  oversea  theaters  in  1945,  the  year  of  highest  number  of  cases,  the 
European  Theater  of  Operations,  U.S.  Army,  had  the  highest  rate,  with  the 
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Xorth  Aflinui  and  Mediterranean  Theater  of  ()|)e  nit  ions,  l',8.  Army, 
second,  and  the  combined  Pacific  areas,  third. 

Deaths  due  to  diphtheria,  during  World  War  II,  totaled  125  (table  41). 
Of  the  total,  115  occurred  in  the  Army  overseas.  Mortality  was  greater  in 
1945  for  the  Army  as  a  whole,  with  67  deaths  occurring  in  the  European 
theater  alone. 

Table  40. — Incidence  of  diphtheria  in  the  I'.S.  Army,  by  area  and  year,  194^-45 


[Prvliminary  diita  based  on  sample  tabulations  of  individual  me«lieal  records] 
[Rate  e.xprtssed  as  number  of  cases  per  annum  per  I.OUO  average  strength] 


1942-45 

1942 

1043 

1944 

1945 

.Vrea 

Number 
of  cases 

Rate 

Numlier 
of  cases 

Rate 

Number 
of  cases 

Rate 

Nural)er 
of  cases 

Rate 

Numlier 
of  cases 

Rate 

Continental  I'niteil  States . 

619 

0.(H 

6, 

0.03 

205 

0.04 

0.04 

195 

0.07 

Overseas: 

Eurot>e  . 

2.557 

0.58 

0.33 

45 

0.17 

M 

0. 15 

2. 240 

0.94 

Meiliterraneiui  ' . . 

1.067 

.73 

.09 

197 

.43 

62S 

.97 

-260 

.73 

Middle  East . 

45 

.31 

1 

.17 

23 

.43 

11 

.24 

10 

.24 

C  hina-  Burnia-India . 

■->06 

.47 

8 

.91 

15 

.38 

155 

.92 

30 

.14 

Southwest  I’aciflc . 

615 

.33 

3 

.04 

* 

.04 

100 

.19 

.49 

Central  and  South  I’aclflc  ... 

519 

.41 

4 

69 

.24 

266 

.61 

180 

.48 

North  .\mericu  * . 

19 

23 

.IM 

•» 

RSI 

3 

.02 

14 

.n 

0 

Latin  .\meriea . 

.06 

5 

.05 

•> 

.02 

1 

.01 

15 

.21 

Total  overseas  * . 

5.105 

0.46 

.Vi 

s 

364 

0.22 

1.426 

0.37 

3,2(i0 

0.70 

Total  .\rmy . 

5. 724 

1'22 

0.04 

569 

■ 

3.455 

0.46 

■  Includes  North  .\frica. 

>  Includes  .\laska  and  Iceland. 

’  Includes  admissions  on  transports. 


Evidence  is  presented  (p.  315)  that  cutaneous  diphtheria  probably  played 
an  important  role  in  the  dissemination  of  all  forms  of  the  disease,  although 
relatively  few  cases  were  diagnosed  and  reported  officially.  For  example, 
the  incidence  of  cutaneous  diphtheria  in  the  total  Army  in  1944  and  1945, 
based  on  sample  tabulations  of  individual  medical  records,  totaled  485  (table 
42).  The  majority  of  cases  occurred  in  the  combined  Pacific  areas  and  in 
the  China-Burma-India  theater. 

Among  the  British  in  the  African  desert,  the  rate  for  all  forms  of 
diphtheria  was  4  to  5  per  1,000  per  annum.^  A  comparison  of  British  and 
American  incidence  of  diphtheria  in  the  Mediterranean  theater  during  De¬ 
cember  1943  and  January  and  February  1944  follows: 

Britith  American 

December  1943 _ 558  64 

January  1944  _  490  42 

February  1944  _  302  33 


1-  Proceedings  of  the  Conference  of  Arm.v  Ph.vsiclans.  Central  Mediterranean  Forces.  Held  at  the 
Institute  Superiore  di  Sanita,  Viale  Regina  Marguerita.  Rome,  29  Jan.  to  3  Feb.  1945,  pp.  101-118. 
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Table  41. —  Dealhs  due  to  diphtheria  in  the  U.S.  Army,  by  area  of  admission  and  year  of  death, 

1942-45 

[Preliminary  <luta  l>as<Ml  on  taliulations oi  indiviiiual  mr<lical  records] 


(Rate  e.xprt'ssed  as  iiumlMT  of  deatlis  |>er  annum  p**r  100,000  averajte  strenKth] 


104-2-45 

164-2 

1643 

1644 

1645 

•Area 

... 

Number 

Rate 

Numl>er 

Rate 

Numlier 

i  Rate 

/ 

Numl)cr  (  Rate 

Numl>er 

Rate 

Continental  Cnited  States - 

10 

0.07 

! 

0.00 

2  ] 

0.01 

1 

1 

0.05 

6 

0.20 

Overseas: 

7-2 

1.64 

0 

0 

5 

0.30 

67 

•>.  82 

North  Africa, . . 

11 

.74 

0 

4 

.88 

3 

.46  : 

4 

1.13 

3 

•2.05 

0 

•> 

1 

•2. 16 

0 

3 

.68 

1 

11.43 

0 

•> 

1.16 

■21 

.68 

0 

2 

.42 

8 

.82 

11 

1  .78 

*> 

.  41 

0 

1 

1 

1.47 

0 

0 

0 

0 

1 

Total  overseas  * . . . 

115 

1.07 

1 

1 

0.17 

8 

0. 47 

20 

0.52 

86 

1  1.85 

Total  .Army . 

125  1 

1 

0.46 

3 

1 

10 

1 

0. 15 

22 

0.-28 

62 

1.21 

I  Total  Pacific  .Area  (Southwest,  Centr.al,  and  South  Pacific). 
>  Includes  3  deaths  on  transports  in  1045. 


Table  42. — Incidence  of  cutaneous  diphtheria  in  the  U.S.  Army,  by  area  and  year,  1944-4^ 


[Preliminary  data  based  on  sample  talriilations  of  Individual  medical  records) 
[Rate  expressed  as  number  of  cases  per  annum  per  1,000  average  strength) 


Area 

1644-45 

....  ..  1 

1944 

1945 

Number  of 
cases 

Rate 

Numl>er  of 
ctises 

Rate 

Number  of 
ca^s 

Rate 

Contincutal  Cnited  States _ _ _ 

! 

0.00 

5 

i 

0.00 

10 

0.00 

Overseas: 

1 

i 

t 

Europe, _ _ - . . 

45  1 

0.01 

0 

45 

0.02 

Mediterranean  ' . . . . . 

.01 

1  1  1 

.00 

5 

.01 

0 

0 

0 

China-Burina-India- _ _ 

120 

.31 

110 

.65 

10 

.05 

Southwest  Pacific _  _ 

.13 

i  30 

.06 

175 

.17 

Central  and  South  Pacific _  _  _  _ 

88 

.11 

S  M  1 

1  ->2 

35 

.09 

0 

1 

i  0 

0 

0 

1  ! 

0  { 

0 

i 

i  1 

I  . 

1 

Total  overseas  > _ _ _  .  ... 

470  : 

0.06 

195 

0.05 

275 

0.06 

Total  Army _ _ _ _ _ _ 

485 

0.03 

200 

0.03 

285 

0.04 

>  Includes  North  Africa. 

1  Includes  Alaska  and  Iceland. 

>  Includes  admissions  on  transports. 

Note.— .Absolute  zero  is  indicated  by  zero  in  the  units  column;  0.00  indicates  a  rate  of  more  thim  zero  but  less  than 
0.005. 
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It  must  be  stated,  however,  tliat  the  Amerieuus  re<iuired  laboratory  oon- 
Hrmation  of  diafjuosis,  whereas  tlie  Hritish  <lid  not.  The  rate  among  (ler- 
man  prisoners  of  war  was  far  in  excess  of  that  of  American  soldiers.  L<K'al 
epidemics  were  rejmrted  in  (lerman  prisoner-of-war  camps  in  the  United 
States.-  In  stmie  cases,  cutaneoxjs  diphtheria  was  descrilwd,  ami  tropical 
idcei*s  were  reported  to  be  numerous  among  the  prisoners.  At  the  same  time, 
diphtheria  increased  steadily  among  Army  tnmps  in  the  continental  United 
States. 

After  the  (UTupation  of  Germany,  the  incidence  of  nasopharyngeal 
diphtheria  increased  tremendously,  probably  through  association  of  sohliei-s 
with  the  civilian  population  among  whom,  during  the  war  years,  diphtheria 
had  become  a  major  problem.  Circular  lietter  No.  (>1),  Office  of  the  Theater 
Chief  Surgeon,  Headquarters,  Theater  Service  Forces,  Kuropean  Theater, 
is.sued  on  28  September  1945,  summarized  for  medical  officers  the  general 
principles  to  be  follow’ed  in  the  diagnosis,  treatment,  and  control  of  diph¬ 
theria.  In  addition,  the  December  1945  and  January  1946  is.sues  of  the 
Medical  litdletin  from  the  Office  of  the  Theater  Chief  Surgeon  comained  a 
series  of  articles  on  diphtheria  written  by  medical  officers  in  the  theater. 

During  the  calendar  year  1945,  2,240  cases  of  diphtheria  occurred  among 
American  troops  in  Europe  with  67  deaths  (tables  40  and  41).  The  inci¬ 
dence  in  December  1945  was  approximately  2.8  per  1,000.  During  the  early 
months  of  1946,  from  IlO  to  50  cases  were  l)eing  diagnosed  each  week  with 
1  or  more  deaths. 


IMMUNIZATION 

The  policy  at  first  was  not  to  immunize  young  adults  routinely  against 
diphtheria  because  moderate  to  severe  reactions  would  occur  in  an  appreci¬ 
able  number  of  cases,  ab  '^  nigli  studies  were  made  of  the  incidence  of  Schick¬ 
positive  reactors  among  U.S.  Army  troops  and  small  diphtheria-immuniza¬ 
tion  programs  were  conducted.^  Late  in  1945,  as  the  incidence  of  diphtheria 
increased  among  U.S.  troops  in  the  European  theater,  only  imnnine  per¬ 
sonnel  were  assigned  to  the  army  of  occupation  on  the  Continent.  I'.S. 
Army  civilian  employees,  their  dependents,  and  dependents  of  military  per¬ 
sonnel  destined  to  join  the  (K'cupation  army  in  the  Euroiiean  theater  were 
immunized. 

-  n)  Flwk,  S.,  Kpllam.  .1.  W..  and  Kllpp»>n.  A.  J. :  Di|thtbi>ria  Ainoni;  0**rinan  PrlmimTa  of  War. 
Bull.  r.S.  Army  .M.  Dept.  No.  74,  pp.  80-89.  March  1044.  (2)  Monthly  ProRrcHH  Report.  Army 

Service  Forces,  War  Department.  30  Nov.  1943,  Section  7  :  Health,  p.  22. 

3  For  a  more  detailed  discussion  of  the  diphtheria-immunization  program  during  World  War  II, 
the  reader  is  referred  to  the  following  two  sources:  (1)  Long,  Arthur  P.  :  Tlie  .\rmy  Immunization 
Program.  In  Medical  Department,  United  States  Army.  Preventive  .Medicine  in  World  War  II. 
Volume  III.  Personal  Health  Measures  and  Immunization.  Washington  :  U.S.  Oovernment  Printing 
Otilce,  19.'i5.  pp.  271-.341.  (2)  McGuinness.  Alms  C. :  Diphtheria.  In  Mt'dlcal  Department,  United 

States  Army.  Preventive  Medicine  in  World  War  II.  Volume  IV.  t'oniniunicnhie  Diseases  Trans¬ 
mitted  Chiefly  Through  Respiratory  and  Alimentary  Tracts.  Washington  :  U.S.  (lovernment  Print¬ 
ing  Offlee,  19.18.  pp.  1(17-189.-  .1.  B.  C.,  Jr. 
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Accordingly,  on  12  January  1946,  tlie  Office  of  tlie  Tlieater  Chief  Sur¬ 
geon,  European  Theater,*  directed  all  major  commands  to  institute  an  im¬ 
munization  program  for  (1)  all  medical  department,  hospital,  and  dis¬ 
pensary  personnel,  (2)  all  personnel  whose  duties  brought  them  into  fre¬ 
quent  and  intimate  contact  in  camps  or  enclosures  with  prisoners  of  war, 
displaced  |)ersons,  internees,  or  (lerman  civilians,  and  (6)  all  units  of  bat¬ 
talion  strength  or  smaller  showing  two  cases  in  any  one  week.  It  was  de¬ 
cided  to  dispense  with  Schick  testing  at  that  time. 

In  May  1946,  the  rule  was  changed,  and  all  military  personnel  going 
overseas  who  were  shown  to  be  susceptible  to  diphtheria  by  the  Schick  test 
were  ordered  to  be  immunized. 


Part  II.  Tropical  Ulcers  and  Diphtheria 
SOURCES  AND  DISSEMINATION  OF  INFORMATION 

The  presence  of  C.  diphtlieriae  in  skin  lesions,  particularly  ulcers,  was 
reported  by  widely  separated  groups  of  observers  in  the  South  and  South¬ 
west  Pacific  Areas  and  in  Burma  during  World  War  II.  However,  in 
Saffron’s  1944  review  of  the  literature  on  cutaneous  diphtheria  no  mention 
was  made  of  the  incidence  in  these  areas.® 

Cutaneous  diphtheria  was  recognized  among  American  forces  in  the 
Mediterranean  theater  but  was  the  subject  of  only  one  brief  general  report.® 
More  interest  was  displayed  by  the  British,  among  whom  the  incidence  of 
diphtheria  was  generally  higher.^ 

South  Pacific.* — The  observations  in  the  South  Pacific  Area  were  made 
chiefly  on  members  of  the  25th  and  43d  Infantry  Divisions,  as  they  were 
evacuated  from  combat  in  the  Solomon  Islands,  and  on  troops  of  the  27th 
Infantry  Division,  following  their  evacuation  to  Espiritii  Santo  in  the  New 
Hebrides  after  the  Battle  of  Saipan.  The  first  of  a  series  of  reports  from 
the  39th  General  Hospital,  Auckland,  New  Zealand,  appeared  in  September 

1943.  The  information  was  soon  disseminated  throughout  the  area  in  Medi¬ 
cal  Circular  Letters  Nos.  5  and  14,  dated  20  October  1943  and  5  January 

1944,  respectively,  Headquarters,  U.S,  Army  Forces,  South  Pacific  Area. 


<  Medical  Bulletin  No.  2,  Office  of  the  Theater  Chief  Surgeon,  HendquarterH,  Theater  Service 
Forces,  European  Theater.  .Taniiary  1946.  pp.  1-7. 

s  Saffron,  M.  H. :  Cutaneous  Diphtheria  as  a  Military  rroblem  ;  A  Review  of  the  Literature, 
With  Report  of  a  Case.  Arch.  Dermat.  &  Syph.  51  :  337-340,  May  1945. 

a  Medical  Bulletin  No.  19,  Office  of  the  Chief  Surgeon,  Headquarters,  European  Theater  of  Oper¬ 
ations,  1  May  1944,  pp.  27-29. 

7  (1)  See  footnote  1.  p.  276.  (2)  Hunt,  T.  C. :  Medical  Experiences  in  North  Africa,  1943-44. 
Brit.  M.J.  2:  495-498,  14  Oct.  1944.  (3)  Diphtheria  in  Campaigns.  British  M.  Bull.  No.  36, 
pp.  1-2,  June  1944.  (4)  MacGibhon,  T.  A. :  Diphtheria  in  the  Middle  East :  Some  Observations  on 

71  Cases.  Edinburgh  M.J.  50:  617-625,  October  1943.  (6)  Williams,  H.  C.  M. :  Cutaneous  and 

Conjunctival  Diphtheria  ;  Series  of  Cases.  Brit.  M.J.  2 :  416-417.  2  Oct.  1943. 

a  Unless  otherwise  Indicated,  the  material  presented  in  this  chapter  on  tropical  ulcers  and  cuta¬ 
neous  diphtheria  in  the  South  Paclflc  is  taken  from  Liebow,  A.  A.,  Macl.,enn.  P.  D.,  Bumstead, 
J,  H.,  and  Welt,  L.  O. :  Tropical  Ulcers  and  Cutaneous  Diphtheria.  Arch.  Int.  Med.  78 :  255-295, 
September  1946. 
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Similar  material  on  diplitheria  was  made  available  in  February  lf)44  by 
newsletter  from  IJ.S.  Navy  headquarters  for  malarial  and  epidemic  control 
in  the  South  Pacific  Ai-ea.  In  addition,  there  were  the  evangelical  efforts 
of  the  medical  consultant,  Col.  Benjamin  M.  Baker,  MC.  who  did  much  to 
make  the  staffs  of  the  various  hospitals  conscious  of  the  diphtheria  problem. 
The  final  report  totaled  174  cases  of  cutaneous  diphtheria  and  94  cases  of 
noncut  aneous  diphtheria,  in  all  of  which  C.  diphtheriae  had  been  demon¬ 
strated. 

The  following  tabulation  is  based  on  a  study  of  patients  from  the  Solo¬ 
mon  Islands  campaign  at  the  39th  General  Hospital  from  7  February  1943 
to  1  July  1944,  inclusive,  and  on  cases  of  diphtheria  from  the  27th  Infantry 
Division  during  their  stay  at  the  i*est  area  on  Espiritu  Santo: 


Type  oS  catet 
Cutaneous  diptheria — 

Throat  cases - 

Nose  cases - 

Nose  and  throat  cases 
Carriers - 


Number 
of  cates 
174 
M 
5 
1 

‘^4 


Proportion 
of  strains 
toxigenic 
145 : 173 
60:62 
5:5 
1:1 
12:23 


The  clinical  observations  on  cases  in  the  Saipan  group  admitted  to  the 
122d  Station  Hospital  on  Espiritu  Santo  were  also  reported  separately  from 
this  hospital.®  On  Fiji,  35  cases  of  nasopharyngeal  diptheria  were  found 
in  the  164th  Infantry  of  the  Americal  Division  following  the  Guadalcanal 
campaign.  Diphtheria  among  marines  in  process  of  evacuation  from 
Guadalcanal  has  been  described  by  Norris  and  his  coworkers.^®  The  labora¬ 
tory  work  on  diphtheria  in  the  various  hospitals  in  the  South  Pacific  has 
been  reviewed  by  Murray.^^ 

During  the  early  phases  of  the  South  Pacific  study,  from  March  to  Sep¬ 
tember  1943,  intensive  parasitological  and  bacteriological  studies  were  made, 
including  anaerobic  cultures,  dark-field  examinations,  potassium  hydroxide 
smears,  cultures  for  fungi,  and  Giemsa  stains  for  Leishmaniu.  Cutaneous 
lesions  were  searched  with  care  for  Leishmanm  in  cases  from  the  Solomon 
Islands  and  Saipan,  but  neither  protozoa  nor  spirochetes  were  found,  and 
such  fungi  as  Monilia  and  Epidernwphyton  were  rarely  encountered.  When 
the  frequency  of  G.  diphtheriae  became  apparent,  a  special  procedure  was 
employed  to  investigate  the  epidemiology  and  pathogenesis  of  lesions  asso¬ 
ciated  with  this  micro-organism,  and  bacteriological  methods  were  simplified 
to  facilitate  its  detection.  A  standard  clinical  record  form  was  designed, 
which  emphasized  such  factors  as  previous  diphtheria,  immunization,  former 
Schick  tests,  history  of  sore  throat,  and  evidences  of  neurological  damage. 


9  Stern,  R.  L.,  and  Grynkewich,  S.  E. :  Diphtheria  Epidemic  in  Adults  in  the  Tropics.  Bull. 
U.S.  Army  M.  Dept.  5(5)  :  562-569,  May  1946. 

10  Norris,  R.  P.,  Kern,  R.  A.,  Schenck,  H.  P.,  and  Silcox,  L.  E. :  Diphtheria  in  the  Tropics ; 
A  Report  of  18  Cases  on  a  United  States  Naval  Hospital  Ship.  U.S.  Nav.  M.  Bull.  42  :  518-524, 
March  1944. 

n  Murray,  R.  :  I.aboratory  Service— South  Pacific  Area.  [Official  record.] 
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Routine  nose  and  throat  cultures  were  taken,  and  Scliick  tests  were  made 
in  all  instances  where  nasal  or  pharyngeal  diphtheria  did  not  make  imme¬ 
diate  treatment  imperative.  Before  a  patient  was  discharged  from  a  hos¬ 
pital,  another  physical  examination  with  emphasis  on  the  neurological  as¬ 
pects  was  performed. 

Burma. — In  the  Burma  portion  of  the  India-Burma  theater,  141  cutaneous 
lesions  were  found,  chiefly  in  soldiers  from  the  Myitkyina  combat  area. 
They  were  rei>orted  from  the  20th  General  Hospital,  I^edo,  Assam,  in  Sep¬ 
tember  1944,  by  Livingood  and  his  coworkers,  who  had  given  them  careful 
study. In  21  percent  of  these  141  patients,  it  was  possible  to  demonstrate 
toxigenic  C.  diphtheriae.  There  was,  however,  a  high  incidence  of  compli¬ 
cations  among  those  lesions  from  which  C.  diphtherias  was  not  isolated,  but 
since  they  were  morphologically  identical  with  those  harboring  the  micro¬ 
organisms,  the  diagnosis  of  cutaneous  diphtheria  seemed  reasonable.  Only 
eight  cases  of  nasopharyngeal  diphtheria  were  diagnosed  in  the  interval 
during  which  most  of  these  cutaneous  cases  were  observed — September  to 
December  1944.  Particular  attention  was  paid  to  the  complications  of  the 
disease  as  well  as  to  morphology  of  the  characteristic  lesions  and  their  treat¬ 
ment,  and  a  valuable  followup  study  was  made,  which  furnished  an  estimate 
of  the  cost  to  the  Army  in  man-days.*® 

Reports  from  the  69th  General  Hospital,  Ledo,  Assam,  in  October  1944 
and  January  1945  **  referred  to  70  patients.  All  throat  cultures  in  this  series 
were  negative,  and  no  clinical  cases  of  nasopharyngeal  diphtheria  were 
diagnosed. 

It  is  interesting  to  note  that  the  British  in  the  India-Burma  theater  at 
the  same  time  were  seeing  a  number  of  cases  of  cutaneous  diphtheria,  some 
with  neurological  complications.*® 


12  (1)  Cutaneous  Diphtheria,  20th  General  Hospital,  20  .\pril  1945.  In  Bliimgart,  Herrman  L., 
and  Pike,  George  M. :  History  of  Internal  Medicine  in  India-Burma  Theater,  inclosure  11  thereto. 
[Official  record.]  (2)  I.«tter,  Maj.  Clarence  S.  Livingood,  MC,  Office  of  Chief  of  Dermatology  and 
Syphilology,  20th  General  Hospital,  to  Commanding  Officer,  20th  General  Hospital,  15  Sept.  1944, 
subject:  Cutaneous  Diphtheria.  (3)  Letter,  Maj.  Clarence  S.  Livingood,  MC,  Office  of  Chief  of 
Section  of  Dermatology  and  Syphilology,  20th  General  Hospital,  to  Commanding  Officer,  20th  Gen¬ 
eral  Hospital,  9  Oct.  1944,  subject:  Cutaneous  Diphtheria.  (4)  Letter,  Maj.  Clarence  S.  Livingood, 
MC,  Chief,  Section  of  Dermatology  and  Syphilology,  20th  General  Hospital,  India-Burma  Theater, 
to  Commanding  Officer,  20th  General  Hospital,  25  Jan.  1945.  subject :  Cutaneous  Diphtheria. 
(5)  Letter.  Lt.  Col.  Francis  C.  Wood,  MC,  Chief  of  Medical  Service,  20th  General  Hospital,  to 
Commanding  Officer,  20th  General  Hospital,  15  Sept.  1944,  subject:  Cutaneous  Diphtheria.  (6)  Let¬ 
ter,  Maj.  Herbert  S.  Gaskill,  MC,  Chief,  Neuropsychiatric  Section,  20th  General  Hospital,  India- 
Burma  Theater,  to  Commanding  Officer,  20th  General  Hospital,  18  Mar.  1945,  subject :  Preliminary 
Report  on  the  Neuritis  Complicating  Cutaneous  Diphtheria. 

Letter,  Capt.  Daniel  J.  Perry,  MC,  Assistant  Chief,  Dermatology  and  Syphilology  Section, 
20th  General  Hospital,  to  Consultant  In  Dermatology,  Office  of  the  Surgeon  General,  28  Aug.  1945, 
subject :  Follow-Up  Studies  of  a  Group  of  140  Cases  of  Cutaneous  Diphtheria. 

(1)  Letter,  Capt.  Harvey  Blank,  MC,  Chief,  Section  of  Dermatology  and  Syphilology,  69th 
General  Hospital,  India-Burma  Theater,  to  Commanding  Officer,  69th  General  Hospital,  31  Jan.  1945, 
subject :  Analysis  of  40  Additional  Cases  of  Cutaneous  Diphtheria.  (2)  Letter,  Capt.  Harvey  Blank, 
MC,  Chief,  Section  of  Dermatology  and  Syphilology,  69th  General  Hospital,  Advance  Section  3, 
India-Burma  Theater,  to  Commanding  Officer,  69th  General  Hospital,  1  Apr.  1945,  subject :  Report 
of  Cutaneous  Diphtheria  Among  the  Detachment  of  a  General  Hospital. 

IS  Blumgart,  Herrman  L.,  and  Pike,  George  M. :  History  of  Internal  Medicine  In  India-Burma 
Theater.  [Official  record.] 
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Southwest  Pacific. — Tlie  ^»rouj)  at  the  9th  Geneial  Hospital  on  Biak 
observed  a  total  of  210  oases  of  diphtheria  lietween  1  November  1944  and 
1  March  1945.  There  were  102  cases  of  ilermatitis  from  which  C.  di phthen<u>. 
was  isolated.  Of  the  31  recovered  strains  testetl,  19  were  virulent.  There 
were  al.so  60  other  cases  with  wounds,  burns,  otitis  media,  otitis  externa, 
and  other  such  lesions,  and  48  nasopharyngeal  infections  from  which  the 
C.  diphtherUie  was  isolated.  The  patients  in  this  group  were  from  nine 
widely  scattered  bases  in  the  Southwest  Pacific  Area,  New  Guinea,  the 
Netherlands  East  Indie.s,  and  the  Philippine  Islands.  On  Biak,  where  the 
studies  were  conducted,  112  patients  were  from  22  different  organizations. 

Quarterly  reports  from  several  hospitals  in  the  Southwest  Pacific  Area, 
among  them  the  54th  General  Hospital  on  Biak  and  the  105th  General  Hos¬ 
pital  in  Hollandia,  New  Guinea,  indicated  early  in  1945  that  diphtheria  was 
under  surveillance.  Huring  a  3-month  period  at  the  13th  General  Hospital, 
Finschhafen,  northeast  New  (hiinea,  26  cases  of  nasopharyngeal  diphtheria 
were  seen  together  with  25  individuals  who  had  cutaneous  lesions  from 
which  C.  diphthcriae  was  cidtureil.  'Fhey  were  usually  virulent  micro¬ 
organisms  of  the  mithi  type.  Technical  Ihilletin  No.  17,  Office  of  the  Chief 
Surgeon,  Headquarters.  ThS.  Army  Forces  in  the  Far  East,  dated  23  Octo¬ 
ber  1944,  called  to  the  attention  of  all  medical  officers  the  increase  in  the 
number  of  reported  cases  of  clinical  diphtheria  in  the  area  and  directed  that 
measures  be  instituted  to  prevent  the  spread  of  the  disease. 

Zone  of  Interior. — After  prevalence  of  the  condition  was  recognized,  the 
patients  with  cutaneous  lesions  received  thorough  study  in  several  large 
centers  in  the  United  States.  At  the  Moore  General  Hospital,  Swannanoa, 
N.C.,”  a  skin  isolation  ward  was  established  to  which  there  were  228  admis¬ 
sions  between  1  March  and  3  October  1945.  Cultures  of  idcerated  lesions 
in  the  skin  were  positive  for  corynebacteria  in  107,  18  of  which  proved  to  be 
toxigenic.  At  the  Harmon  General  Ho.spital.  I.(Ongview,  Tex.,’^  a  .survey 
was  made  of  385  admissions;  most  of  the  patients  in  the  survey  were  from 
the  Pacific  areas.  Seventy  persons  were  proved  to  have  C.  diphthrriae  either 
in  the  nose  or  throat  or  in  cutaneous  lesions.  Fifty-eight  of  these  strains 
of  the  micro-organism  were  virulent,  but  12  were  toxigenic  C.  diphtheriae. 
This  represented  an  incidence  of  3.1  percent  in  the  population  of  the  hos¬ 
pital  at  the  time  of  admission.  Fifty-six  of  these  patients  had  tropical 
ulcers  or  ulcerated  dermatiti<les.  In  8  of  these,  C.  diphthenae  was  found 
to  be  toxigenic  and  in  30,  atoxic.  At  the  Baxter  General  Hospital,  Spokane, 

ifi  Oppol,  T.  W.,  Smith,  .T.  .T.,  Montnniiro.  and  Tompsctt.  R.  R.  :  Clinlral  Foatures  of  Diph¬ 
theria  in  the  Tropics.  [Official  record.] 

I'r  Bronson.  I..  M. ;  Memorandum  on  Ciitaneoiis  Diphtheria  at  Moore  General  Hospital.  [Official 
record.] 

1*  (1)  Denhoff,  E.,  and  Kolodn.v,  M.  H. :  Studies  on  Cutaneous  Diphtheria  and  Tropical  ITlcera. 
Arch.  Dermat.  A  Syph.  55:  .1(10-.‘l«8,  March  11147.  (21  Denhoff,  E..  Kolodny,  M.  H.,  Daniels.  W.  B., 

and  Mitchell.  I..  P. :  Plan  to  Control  Diphtheria  In  an  Army  Oeneral  Hospital.  Bull.  l*.S.  ,\rmy 
M.  Dept.  «:  !»»  «0.  July  104(;. 
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Wasli.,'®  between  1  December  1944  and  15  February  1945,  there  were  62 
healed  or  active  cases  of  cutaneous  diphtheria,  of  which  polyneuritis  devel¬ 
oped  in  11.  At  the  Letterinan  General  Hospital,  San  Francisco,  Calif.,-" 
diphtheria  in  medical  personnel  attending  patients  on  the  dermatology  wards 
agaiii  proved  a  problem,  until  the  diphtheritic  nature  of  many  of  the  lesions 
encountered  on  these  wards  was  recognized.  The  localized  outbreak  was 
studied  in  this  hospital  and  will  be  discussed  later. 

Diphtheria,  particularly  of  the  cutaneous  variety,  was  discussed  in 
detail  at  the  Ninth  Service  Command  Conference  on  Internal  Medicine 
held  at  Letterman  General  Hospital  on  7  and  8  November  1945. 

Policies. — In  recognition  of  the  increasing  importance  of  the  problem  of 
diphtheria  during  World  War  II,  information,  as  it  became  available,  was 
disseminated  by  the  highest  echelon.  The  diphtheritic  nature  of  certain 
types  of  tropical  ulcers  in  the  Pacific  was  first  given  wide  publicity  in  the 
May  1944  issue  of  the  Bulletin,  of  the  UJS.  Army  Medical  Department.  Fol¬ 
lowing  a  tour  of  inspection  of  the  Pacific  area  in  October  1944  by  Col.  Fran¬ 
cis  R.  Dieuaide,  MC,  Chief,  Tropical  Disease  Treatment  Branch,  Medical 
Consultants  Division,  Office  of  the  Surgeon  General,  War  Department  Tech¬ 
nical  Bulletin  (TB  MED)  143,  entitled  “Cutaneous  Diphtheria”  was  issued 
in  February  1945.  This  bulletin  summarized  the  reports  from  various  trop¬ 
ical  areas,  gave  directions  concerning  diagnosis  and  treatment,  and  empha¬ 
sized  the  epidemiological  significance  of  the  disease.  Similar  material  on 
the  recognition  and  treatment  of  cutaneous  diphtheria  was  published  in  the 
March  1945  issue  of  the  Bulletin.  A  special  circular  on  management  of 
patients  with  cutaneous  diphtheria  was  prepared  by  the  Medical  Consult¬ 
ants  Division,  Office  of  the  Surgeon  General,  and  was  issued  to  service 
command  medical  consultants  on  3  August  1945. 

The  many  cases  of  polyneuritis  that  had  been  reported  from  the  Medi¬ 
terranean  theater,^^  the  South  Pacific,  Burma,“  and  elsewhere,  attracted  the 
interest  of  the  Army  Epidemiological  Board  (Board  for  the  Investigation 
and  Control  of  Influenza  and  Other  Epidemic  Diseases  in  the  Army),  which 
established  an  investigative  commission  composed  of  Dr.  George  D.  Gam¬ 
mon  and  Maj.  (later  Lt.  Col.)  Emanuel  B.  Schoenbach,  MC.  The  commis¬ 
sion  arrived  in  Merano,  Italy,  on  31  May  1945  and  devoted  its  attention  to 
the  many  cases  among  the  German  prisoners  of  war,  since  cases  among  U.S. 
soldiers  were  no  longer  available  in  large  numbers.  A  preliminary  report 
of  42  cases  considered  diphtheritic  polyneuritis  and  of  28  others  was  sub¬ 
mitted  in  August  1945.^ 

19  Sampson,  J.  J. ;  I^te  Neuronitis  Following  Proved  and  Suspected  Cutaneous,  Faucial  and 
Wound  Diphtheria.  Am.  J.M.  Sc.  212 :  432-448,  October  1046. 

20  Letter,  Maj.  Frank  R.  Day,  PhC,  Adjutant,  Letterman  General  Hospital,  San  Francisco,  Calif., 
to  OfiBce  of  the  Surgeon  General,  20  Oct.  1944,  subject:  Reported  Cases  of  Diphtheria  at  Letterman 
General  Hospital. 

21  See  footnote  1,  p.  276. 

22  See  footnote  12  (6),  p.  281. 

23  Gammon.  G.  D.,  and  Schoenhach,  E.  B. :  Preliminary  Report  on  Investigation  of  Polyneuritis 
in  the  Mediterranean  Theater  of  Operations,  U.S.  Army,  20  Aug.  1945.  [Official  record.] 
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MORPHOLOGY 

Typical  lesions. — The  chaiacteristic  lesion  from  which  C.  dtphtheruie 
was  demonstrated  in  highest  incidence  was  rounded  with  angidar  irivgu- 
larities,  deep  and  punclied  out,  hut  did  not  as  a  rule  extend  far  into  the  sub¬ 
cutaneous  tissue.  In  the  South  Pacific.  84.1  percent  of  lesions  harboring 
C.  diphtheriae  had  this  ap[)earance.  They  were  similar  to  lesions  of  cutane¬ 
ous  diphtheria  seen  in  temperate  zones,  to  the  desert  or  veldt  sores  of  North 
Africa  and  Palestine,  to  the  “Garigha”  of  northern  India,  and  to  the  lesions 
seen  among  the  Melanesians  and  Tonkinese  in  the  New  Hebrides,  and  the 
Chamorros  in  the  Marianas  Islands.  A  typical  lesion  couhl  develop  in  as 
short  a  time  as  a  month. 

The  margins  of  the  diphtheritic  idcers  were  declivitous,  indurated,  ami 
often  rolled  (figs.  .'17A  and  B.  and  518).  Occasionally,  they  were  slightly  un¬ 
dermined  but  not  to  the  same  extent  as  the  tropical  phagedenic  ulcers  describe<l, 
for  example,  by  James  in  the  Melanesians.-*  Csiially,  there  was  a  cone  of 
induration,  eiythema,  and  bronze-violet  pigmentation  about  the  sharply  defined 
sore  (fig.  .‘18 ). 

In  the  India-Burma  theater,  a  dry,  black  eschar  was  often  noted  simi¬ 
lar  to  that  of  phenol  burns  or  decubitus  ulcers.  In  other  instances,  there 
was  a  fibrinous  crust  which  when  removed  after  the  application  of  soaks 
revealed  the  lesion  described.  The  eschar  could  usually  be  loosened  at  the 
edges  luit  adhered  firmly  at  the  center  as  if  it  were  a  part  of  the  subcutane¬ 
ous  tissue. 

Usually,  the  base  was  relatively  clean,  with  a  moderate  serous  or  sero- 
sanguineous  discharge,  but  sometimes  there  was  adherent  fibrinopurident 
material.  The  exudate  beneath  the  crust  was  gray  or  gray  green  rather 
than  yellow.  Occasionally,  there  was  a  gray-green  fibrinous  membrane, 
which  ordinarily  was  difficidt  to  scrape  from  the  surface  but  could  be  peeled 
off  in  some  instances.  It  was  present  chiefly  in  lesions  of  short  duration. 
This  membrane  was  often  fitted  to  the  irregidarities  of  the  ulcer  (fig.  JIO). 

Under  advantageous  conditions,  healing  wcurred  by  granulation  from 
below  and  ingrowth  of  epithelium  from  the  sides  in  such  a  manner  that  (he 
scar  was  on  a  level  with,  or  slightly  below,  the  surrounding  skin  and  only 
slightly  less  in  diameter  than  the  original  lesion  (fig.  37B,  C,  and  D).  At 
the  center  was  a  covering  of  thin  while  skin  surrounded  by  a  border  of  per¬ 
sistent  bronze-violet  pigmentation  (fig.  37D).  The  latter  tended  to  persist 
for  months  or  years.  Persistent  hyposthenia  or  anesthesia  in  the  scars  was 
emphasized  by  some  observers;-’”'  however,  a  degree  of  anesthesia  in  newly 
formed  scar  tissue  is  not  surprising  in  any  lesion. 

.liiiii<>!<,  C.  S. :  Troplcnl  riiiipn<’ii«*nU*  I’Uvr  in  flM>  ruclfic.  Tr.  Koy.  Soc.  'Prop.  Motl.  &  II.VB- 
:!l  :  «47  «««.  April  Ift.’IS. 

•j.">  S*‘**  footiu)t<’s  12  (•!'.  p.  281  ;  nml  ISl.  p,  283. 
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UK  1  •iplii  lii'i  ii  ic  skill  nlicrs.  A.  Skin  nli  cr  unit  li'l'i  i-l.i\ i.  ln  wiili  nilliiTi'iit 
;:ri‘t'n  iliplii  lirrii  ic  iiifMilir.iiii'.  I',iii<‘iii  ai(|iiirnil  It-^iun  in  iln*  Snluinun  Islninls.  I!,  Iiijili. 
lln'i'ilii'  nlrtT  in  skin  mt'c  Inl'l  ili;n-  (  rcsl  1.'!  wnnks  nritT  onsnl.  'I’hi'  ll■'illn  was  inlalivi'ly 
slialliiw  liiii  imin  lifil  <inl  wiili  aillnaa-ni  ura\  uia-cn  ini'inlirani'  al  ilif  liasn.  'I'ln-  ll•'•illn 
was  .■,((|niri"l  '>n  ilif  i-lainl  ni  Sai|>an. 


Atypical  lesions.  A II huiiiili  ilu*  diplnlinrit  ic  It'sions  iisiiallx  wmc  of  lln* 
|iuiirlit“tl-oiil .  iilr(*r:it(Ml  cliarari nr  (InsrrilHnl.  ii  was  not  imromnion  in  llu* 
iropics  Id  ciilima*  (  ih /ihl li<  rin,  from  ollmr  variiMins  of  skin  l(‘sions.  |)i|»li- 
llnMilin  iiifntiioii  was  oIiscivimI  in  prnnxisi in*r  I'pitlnianopliyiosis  of  tin*  fnnf 
( lijr.  II).  ( Kcasionally.  llin  opnninir  <»f  tin*  Irani  was  niinuin  and  llin  pa- 
linnl's  discoinforl  dispropoil  ionalnly  ;rrnal.  Kivn  Insions  of  llin  inlnrdiirital 
spani's  of  llin  fnni  wnrn  noUnl  in  llin  India-lliirma  snrins.  .Vny  nnnx|)lainnd 
siniis  Irani  of  ilm  fnnt  in  soldinis  nvaniiaind  from  llin  Iropins  slmnld  l»n  sns- 
pnnind  of  iiniiiir  diplit  hnril  in  in  oriirin. 

( )i  nasioiially  in  llin  Soiiili  I'anifin  and  lndia-l>nrma  nroiips  and  frn- 
(jiumlly  in  llin  Soiilliwnsl  I’anilin,-'  (  .  ih fihl In  11,1,  was  niilliirml  from  a  dif¬ 
fuse.  nioisl.  ninnralivn.  and  dns(|iianial  i\«*  dermarnis  ( tios.  I'J  and  l•”>). 

J  )iplil  linril  i<‘  paroiiynliias  wnrn  onnasioiiall  y  olisnrvinl.  I  wo  nanli  in  llu* 
Soiilli  Panilin  and  India-l’mrnia  areas.  ( )nn  was  assoniaind  w  ith  a  moist. 
ditViisn.  dnsipiainalivn  dnrmalilis  id'  llin  nxirnniilins  |  li^-.  l-hV  )  :  aiiollmr 
I  lijf.  1-)1>)  was  a  noiitanl  lesion  in  a  wardman  al  llu*  ■‘ilMh  (iniu'ial  Hospital, 
in  llin  South  I’anilin.  who  daily  drns.snd  snnh  a  nasi*  foi*  nian\'  weeks  h(*forn 
the  dipht  hnril  in  nainrn  ot  tin*  nondilioii  had  ht'en  pro\nd.  ’l'hi*rn  was  rapid 
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(.lest  met  ion  of  the  luiil,  and  in  one  of  the  Hnnna  eases  this  seems  to  have 
been  permanent. 

MORPHOLOGY  IN  RELATION  TO  THE  BACTERIOLOGY  OF  THE 

LESIONS 

The  observers  in  Burma  were  of  the  opinion  that  the  appearanee  of 
the  punched-out  ulcers  was  sufiieieiitly  eharaet eristic  to  enable  the  diagnosis 
of  cutaneous  diphtheria  to  Ik*  made  or  ruled  out,  purely  on  clinical  <rrounds, 
in  a  hijjh  j)ercenta<;e  of  cases.  Evidence  for  this  view  was  that,  althoufih 
toxi^rt*>dc  C.  iliphthi'r'iiic  was  (adtuivd  in  only  ’21  )H*rcent  of  their  cast's,  a 


Fua  KK  -to.--  IViiile  alct'cs.  .\.  Acute  nit>iiil>raui*us  dipiitlieria  of  cereiial  sulcus  !«•- 
Kiuniii};  -1  days  pnxt  fclldtioin'in.  It.  l>i{dittu>('itic  ulc(*f  i»i'  jieiiis  re.semltliufi  cliaacre  in  its 
tirinness  lait  has  adlierent  green  ineinl»rant?  from  wliicli  toxigenic  Vonjn*  huvti  rium  di/di- 
tliiriiir  was  culturtHl.  Tlie  patient  tiad  just  returned  from  tlu*  Solomon  Islands  and  had 
not  indulg(*d  in  sexual  intercourse  for  more  ttian  1  ytair. 


very  hijrh  jn'rcentajro  developed  such  complications  as  neuritis  and  carditis 
even  when  the  culturt's  were  negative.  In  the  jrroup  of  cases  from  J^aipan. 
an  iittem])t  was  made  to  predict  from  the  clinical  appearance  of  the  lesions, 
before  the  results  of  citlture  Itecame.  available,  whether  it  would  contain 
(\  di phthcriai'.  A  correct  prediction  was  made  in  (55). 1  percent  of  the  at¬ 
tempts  at  judjrinj;  l‘.)l  ttlcerated  lesions.  This  sufrfjests  that,  in  the  ajre 
{rroup  concerned  and  in  the  territory  under  consideration,  it  was  ('.  diph- 
theriiH'  that  played  the  important  role  in  givinj;  the  lesions  their  character¬ 
istic  morphological  stamp,  although  no  claim  is  made  that  the  lesion  is 
pathognomonic.  The  observers  in  the  Southwest  Pacific  Area  did  not  sup¬ 
port  this  view  and  stated  that  there  was  no  characteristic  lesion. 

Among  the  factors  that  may  determine  whether  a  culture  positive  for 
C.  diphfhrriae  is  obtained  is  the  interval  between  the  on.set  of  the  lesion  and 


IS  Sep  footnote  12  (4),  p.  281. 
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EuiURK  41. — Epideriuophyto.'iis  superinfectwl  with  {'orj/ntbac- 
trriiim  (tii)lithciiai\  Tlie  iii(lurnte<I.  rolled  e<lKe  and  dtvp  cavit.v 
w.i.s  characteri.xtio  of  diphtheritic  ulcers  in  this  reRion.  The  lesion 
was  ac(5uire<l  durin};  the  Hattie  of  Saipan. 


the  time  of  eultnre.  'riius,  in  tite  Soutli  Paeitic  series,  there  was  an  inci¬ 
dence  of  2(5.0  aitd  2:5.4  percent  of  toxi<renic  inicro-orfranisms  in  ulcerative 
lesions  of  two  <;roups  of  soldiers,  totaling  r»r>6  men,  who  were  evacuated 
some  (5  to  8  weeks  after  combat  (when  most  of  the  ulcers  were  acquired), 
compared  to  an  incidence  of  (5.2  percent  in  a  <;roup  of  224  soldiers  evacuated 
some  20  weeks  after  combat.  Iti  this  study,  all  ulcerative  dermatitides  were 
cultured.  althou<rh  the  lesion  had  the  typical  punched-out  appearance.  The 
observers  in  the  India-Hurma  theater  also  stated  that  the  chances  of  a  posi¬ 
tive  cidture  decreased  with  the  ajre  of  the  lesion. 

Another  factor  that  may  prevent  finding  C.  dlpht/ierzae  in  typical 
lesions  is  the  application  of  various  forms  of  treatment,  especially  penicillin, 
to  which  C.  (liphtheride  is  sensitive.  The  analogy  may  be  that  the  shovel 
that  made  the  ditch  is  no  longer  there.  In  the  Saipan  group  of  the  South 
Pacific  series,  84.1  percent  of  lesions  containing  C.  diphtheriae  were  grossly 
typical,  but  only  98  (5:3  percent)  having  ulcers  thought  clinically  typical 
yielded  C.  dtphthei'/ae  on  culture  some  8  weeks  after  combat. 

The  duration  of  the  lesions  yielding  a  positive  culture  seems  also  to  be 
a  determinant  of  the  toxigenicity  of  the  strains  recovered.  Thus,  in  the 
South  Pacific  series,  40  of  43  (93  percent)  diphtheritic  ulcers  of  less  than 
12  weeks’  duration  yielded  toxigenic  micro-organisms,  whereas  of  25  older 
ulcers  only  17  (68  percent)  contained  toxigenic  bacilli.  In  one  ulcer,  a  strain 
recovered  on  18  November  1943  was  toxigenic  in  contrast  with  one  morpho¬ 
logically  and  biochemically  identical  obtained  on  28  January  1944  from  the 
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FicruK  m.’.  ^loist,  <U's«|UJiiiiJitivf.  :iiitl  uli  oral  ivo  (h>nn:il  it  is.  VirnliMit  ('oi  iiiicfnictt  riinii 
dii)hthrriiif  troin  s<'al|t  ami  ul<vrs  <*r  I.*‘siuii  a(-i)Uin>(l  in  llu*  Suloiuoii  Islands. 


Figure  d.'l. — ('iilamMiis  <liiih(li«>?ia  as  st-i-u  in  (la*  Imiia-Knrina  ila>al(>i'.  'I'la*  ri'.scni- 
blancu  to  tlio  losions  shown  in  lisntos  .'{7  42  in  tlu*  South  I’aoilic  Aroa  is  strikiiiK.  A.  A 
rooont  losion.  Tho  nhvr  is  still  shallow  and  a  thin  layor  of  fihrimais  inatorial  adhoivs 
to  the  base.  Tlie  sniToiiiidin?r  tissue  is  er.vlh«*inatoiis  and  inod»*ratel.v  (*deinatous.  II.  A 
hlaek  adherent  eschar  forms  tin*  center  of  the  wcll-dernu*d  lesion.  In  another  in.stanct* 
the  eschar  has  Ikh-ii  clevaled  tcvealiiif;  the  laincluMl-ont  character  of  the  lesicn  and  its 
relatively  cletin  hti.se.  I).  A  more  <*hniiiic  <lijilith«*riti<‘  nhvr  r<‘tainin;;  the  ptim‘h«Hl-oii( 
character  with  relatively  clean  firannlations  at  its  base.  The  marn'in  is  indurated.  The 
.snrroundinu  tissue  is  slightly  edematous  and  has  a  bronze-violet  cidor.  K.  A  heaU*<l 
lesion.  'I'lie  slifihtly  depressed  thin  s<*ar  has  la***!!  covertHl  by  e|)ithcliiim.  A  nai'row 
zone  of  bronze  pigmentation  is  s**!*!). 
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rtH'urrent  lesions.  Similar  observations  were  made  in  a  cast'  at  the  M(M)re 
(reneral  Hospital,^**  and  tlie  same  general  observation  was  reconUnl  by  the 
Southwest  l*acitic  jiroup,  as  follows;  “In  some  instances,  a  culture  early  in 
the  disease  shows  virulent  orjranisms.  Later,  orpinisms  with  the  same 
morpholojry  ami  fermentation  reactions  were  i.solated.  hut  were  non-virulent 
by  jruinea-pij;  tests.”  These  ohst'rvat ions  indicate  that  the  lonjier  (  '. 
(/Ifihfin  nttf  persist  in  a  cutamnnis  lesion  the  less  likely  is  the  m-overed  .strain 
to  l)e  to.\i«renic.  This  probably  accounts  for  the  relatively  hi^h  incidence  of 
atoxic  .strains  in  cutaneous  lesions  when  seen  in  the  Tnited  States."  Neuritis 
in  individuals  carryinjr  avirulent  di phthvnae  .sujr#j:est.s  that  they  may  at 
one  time  have  harbored  toxijrenic  micro-organisms.  Carriers  in  frcneral  have 
a  relatively  hifrh  proportion  of  atoxic  strains.  The  mechanism  of  this  is  not 
clear  hut  may  he  based  on  the  formation  of  atoxic  variants.^- 

In  the  Saipan  «»r(»up.  to  determine  whether  both  toxifrenic  and  ato.xic 
strains  mijrht  cm'xist  in  the  same  lesion,  two  or  three  colonies  from  the  pri¬ 
mary  jilates  were  tested  in  each  of  five  instances,  hut  the  various  strains 
were  all  toxigenic.  'I'oxigenicitv  was  not  lost  in  vitro  when  a  .series  of  micro- 
organisms,  which  had  been  storetl  on  hfiMwl-agar  slants  in  frigor  for  as  long 
as  14  months  with  only  one  intervening  transplantation,  was  retested. 

There  is  a  possibility  that  C.  diphtherUic.  which  is  not  toxigenic  for  the 
rabbit  or  guinea  pig,  may  have  a  destructive  activity  on  the  human  skin. 
This  is  sugge.sted  by  the  work  of  Iht.sricha  atid  Panja.*'’  who  injected  micro¬ 
organisms,  obtained  from  the  “(larigha”  sores  of  As.sam,  intracut aneously 
into  other  men.  Ulcers  resembling  those  of  the  donor  j)atients  resulted, 
while  diphtheroids  similarly  inmadated  produced  no  effect.  The.se  ex})eri- 
ments  re<|uire  confirmation. 

Other  bacteria  were  usually  associated  with  C.  di phfheriae  in  the  cu¬ 
taneous  lesions,  (’onsidering  only  the  145  xilcers  from  which  toxigenic 
('.  diphtherute  was  obtained  in  the  South  Pacific  group,  G  yielded  pure  cul¬ 
tures  of  C.  dlphtherhw  on  hlood-agar  plates,  and  in  84  others  this  was  the 
predominant  micro-organism.  The  as.s<K*iatetl  bacteria  in  this  group  were 
almost  invariably  staphylococci  (65  percent),  beta  hemolytic  streptm’occi 
(47  percent),  a  new  hemolytic  corynehacterium  (9.6  percent)  belonging  to 
the  common  grou])  that  includes  the  animal  pathogens  Corynebactvnum 
pf/o(p'Hfx  and  Corynchacteriuni  ovis,  and  other  diphtheroids  (4  percciU). 
The  new  hemolytic  corynehacterium  was  made  the  subject  of  a  special  study 
and  is  discussed  on  pages  296  and  619.  The  presence  of  beta  hemolytic  strep- 
t(K-<K‘ci  in  .such  high  incidence,  both  in  the  soldiei-s  and  in  tiie  natives,  con¬ 
trary  to  some  opinions  concerning  the  rarity  of  this  micro-organism  in  trop¬ 
es  S«‘»“  footnoti*  17,  p. 

30  S*-!*  fo.itnoU*  l‘J  (1(.  i>.  :;8i. 

31  S**e  footnotes  17.  p.  282:  anil  18  (1>.  p.  282. 

S'- Duillo.v,  S.  F. :  Critical  Kcvlcw.  Schick's  Teat  niul  Its  Applications.  Quart.  J.  Mc«l.  22: 
321-370.  January  1029. 

33  Pasrlcha.  C.  L.,  and  I’anja.  tl. :  Diphtheritic  I’lcers  of  the  Skin  ;  The  “Gariuha"  of  Chitta¬ 
gong  Hill  Tracts.  Indian  J.M.  Research  27  :  tl-lS  (55(».  January  19-10. 
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ical  environments,  is  of  interest.  At  Harmon  General  Hospital  almost  all 
of  the  56  ulcerated  dermatitides  under  study  had  cultures  positive  for  hemo¬ 
lytic  Staphylococai.'i  aure/us.  but  less  than  10  percent  were  positive  for  beta 
hemolytic  streptococci. 


METHODS  OF  DIAGNOSIS 

Early  diflBculties. — Until  educative  efforts  emanating  from  higher  medical 
echelons  became  effective,  or  until  suspicion  was  raised  by  the  development 
of  suggestive  complications  or  nasopharyngeal  infection  in  contacts,  there 
was  great  delay  in  accepting  any  of  the  cutaneous  lesions  of  the  tropics  as 
diphtheritic.  In  the  words  of  Col.  William  S.  Middleton,  MC,*®  Chief  Con¬ 
sultant  in  Medicine,  Office  of  the  Chief  Surgeon,  European  theater,  “a  new 
generation  in  medicine  has  grown  up  without  clinical  awareness  of  the  dis¬ 
ease  [diphtheria].”  Part  of  the  difficulty  resulted  from  burying  reason  in 
the  shroud  of  obscurant  nomenclature,  such  as  tropical  ulcer,  ecthyma,  or 
“Garigha,”  and  veldt  or  “Naga”  sores.  These  exotic  local  names  for  a  con¬ 
dition  general  in  the  tropics  fostered  the  expectation  of  an  exotic  etiology. 
Part  of  the  difficulty,  however,  resulted  from  inadequate  bacteriological 
diagnosis,  for  few  laboratory  officers  had  had  extensive  experience  with 
C.  diphtJieriae  in  the  United  States.  In  one  general  hospital,  where  an  alert 
clinical  staff  had  correlated  expert  dermatological  knowledge  with  the  ob¬ 
servation  of  a  large  number  of  cardiac  and  neurological  complications  sug¬ 
gestive  of  diphtheria,  there  were  no  positive  reports  of  skin  cultures  for 
O.  diphtheriae  during  the  first  6  weeks  of  observation  of  a  large  number  of 
patients.  Subsequently,  positive  bacteriological  diagnosis  of  C.  diphtheriae 
was  made  in  approximately  60  percent  of  the  cases.®® 

Technique  of  cultures. — In  exi^erienced  hands,  the  simplest  methods  of 
culture  were  effective.  It  was  found  best  to  bring  the  media  to  the  bedside 
and  to  remove  a  small  quantity  of  material  from  the  base  of  the  ulcer  with 
a  platinum  loop  filled  with  saline  or  broth,  if  necessary.  It  was  not  impor¬ 
tant  to  get  beneath  overhanging  margins  or  to  scrape  deeply.  The  bacteria 
were  everywhere  over  the  siu-face  of  the  granulations  at  the  base.  If  the 
ulcer  was  relatively  clean  and  not  crushed,  direct  culture  of  the  base  was 
successful  without  further  jireparation,  and  it  was  not  necessary  to  apply 
alcohol  or  other  agents.  It  was  far  more  satisfactory  as  a  routine  procedure 
in  hospital  cases  to  apply  a  warm  saline  pack  to  the  lesion  from  3  to  24 
hours,  which  helped  to  remove  any  excessive  exudate,  fibrinous  crust,  or 
ointment  that  may  previously  have  been  applied.  Saprophytic  bacteria 
were  relatively  abundant  in  the  protein  material  of  the  external  parts  of  the 
exudate. 

Corynebacterium  diphtheriae  in  smears. — In  smears  from  the  lesions, 

34  See  footnote  18  (1),  p.  282. 

39  Semiannual  Report,  Chief  Consultant  In  Medicine,  Office  of  the  Chief  Surgeon,  Headquarters, 
European  Theater  of  Operations,  U.S.  Army,  1  Jan,-30  June  1945. 

36  See  footnote  12  (1),  p.  281. 
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C.  dlphthertae  was;  often  foniul  within  polyinorphoimolear  leukix’vtes  of  the 
exiuhite  (fig.  4I5C).  Sonietimes.  the  inicro-organisnis  were  nnnierons,  and 
tlie  predominant  element  of  the  Imeterial  population,  hut  usually  there  was 
an  admixture  of  gram-positive  cocci  in  chains  at\d  clumps.  In  exudates, 
the  micro-organisms  were  obstuwed  fre<piently  to  be  stouter  than  in  the  clas- 
sic;ii  descriptions,  which  are  based  on  the  appearance  of  the  bacteria  on 
Ijtittler's  medium  (fig.  4iU)).  The  ba<‘teria  from  ctitaneous  lesions  assumed 
the  classical  forms  when  grown  on  this  material.  In  the  tropics,  great  diffi¬ 
culty  was  encountered  in  distinguishing  C.  diphthernu  from  the  new  hemo¬ 
lytic  corynebacterium  that  was  so  frequently  found  in  these  lesions  as  well 
as  in  infections  of  the  throat.  (\  diphtlu'nne  could  usttally  lie  differentiated 
from  ordinary  diphtheroids,  since  the  former  were  longer,  more  pleomorphic, 
with  slender  and  club-.shaped  forms,  more  granular,  and  le.ss  intensely  gram 
pasitive. 

AVith  the  Saipan  group,  an  attempt  was  made  to  determine  how  well 
purely  morphological  criteria  would  bear  the  test  of  .subsequent  bacterio¬ 
logical  investigation.  In  smears  of  exudate  from  150  ulcers,  the  presence 
or  absence  of  C.  diphiheriae  was  correctly  predicted  in  percent.  In  10 
instances,  0.7  }>ercent,  the  characteristic  bat'illi  were  not  seen  in  direct 
smears  but  were  found  in  the  cultures.  In  15  instances.  10  percent,  gram¬ 
positive  pleomorphic  bacilli  were  incorrectly  diagnosed  as  (\  diphfhcnae 
from  the  smears.  This  demonstrates  that,  with  experience,  a  reasonably 
accurate  guess  can  Ik*  made,  which  may  apply  under  field  conditions  where 
facilities  for  culture  are  not  available. 

Bacteriological  media. — AVith  the  proper  use  of  blood-agar  plates,  iso¬ 
lated  colonies  could  lie  studied  and  picked  for  subcnlture,  usually  within  24 
hours.  It  Avas  found  important — 

1.  To  adju.st  the  pll  of  the  agar  to  7.0  before  sterilizing,  since  C.  diph- 
ihrrUte  grows  better  on  .slightly  alkaline  media. 

2.  To  cool  the  medium  to  45°  ('.  or  le.ss  before  adding  fresh  blood.  If 
the  blood  is  overheated,  the  narrow  ring  of  hemolysis  characteristic  of 
C,.  diphtheriar  type  mitis  may  l)e  obst*ure<l  and  the  colonies  aiv  less  readily 
distinguished  from  those  of  staphylo«*<M-ci  and  diphtheroids. 

3.  To  employ  good  streaking  technique,  so  that  the  colonies  on  the  plate 
were  well  isolated  and  tlid  not  prescml  the  cream  cheese  confluence  too  often 
characteristic  of  routine  plates  in  badly  condncted  laboratories.  On  this 
medium,  the  ditl'erentiation  from  the  unusual  corynebacterium  is  simple,  for 
the  latter  produces  intensely  hemolytic  colonies  resembling  those  of  the  beta 
hemolytic  Streptococcus. 

Ijiifller's  serum  Avas  found  useful  Avhen  examined  8  to  12  hours  after 
incubation,  for  then  C.  diphtheriae  appears  in  long  slender  pleomorphic 
form,  permitting  a  tentatiA-e  differentiation  from  the  generally  much  shorter 
and  thicker  diphtheroids.  It  Avas  extremely  difficult,  howcA'er,  to  distinguish 
C.  diphtheriac  froiu  the  new  hemolytic  corynebacterium. 
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Tellurite  medium,  particularly  Mullers  modification,®’’  was  very  success¬ 
ful  in  some  hands.  The  difficulty  with  this  medium  was  that  some  batches 
of  crystalline  potassium  tellurite  supplied  early  in  World  AVar  II  seemed 
to  have  become  partly  decomposed  during  the  vicissitudes  of  transportation 
through  the  Tropics  and  were  mom  toxic  for  C.  diphtheriae.  On  this  me¬ 
dium,  there  was  often  a  delay  of  up  to  48  hours  before  typical  colonies  of 
C.  diphtherkie  made  their  appearance.  The  advantages  under  ideal  cir¬ 
cumstances  are  the  selectivity  of  tellurite  aiding  differentiation  of  the  type 
of  C.  diphtheriae.  The  new  hemolytic  corynebacterium  generally  was  mark¬ 
edly  inhibited  on  this  material. 

In  the  India-Burma  theater,  contrary  to  experience  elsewhere  where 
mitis  was  found,  the  micro-organisms  were  described  as  being  of  the  inter¬ 
medium  variety.®®  In  the  same  theater,  at  the  20th  General  Hospital,  90 
percent  of  micro-organisms  described  as  virulent  C.  diphtherieie  were  said 
to  ferment  sucrose  but  not  dextrose  or  levulose.  In  the  South  and  South¬ 
west  Pacific®®  experiences,  all  of  the  virulent  C.  diphtheriae  were  sucrose 
nonfermenters. 

ASSOCIATED  CLINICAL  FINDINGS 

It  was  noted  by  all  observers  that,  aside  from  the  complications  of  neu¬ 
ritis  and  myocarditis,  there  were  usually  no  general  symptoms  of  intoxica¬ 
tion  when  the  ulcers  alone  were  the  seat  of  G.  diphtheriae.  The  patients 
usually  complained  of  nothing  more  than  local  discomfort,  if  that. 

In  rare  instances  in  the  South  Pacific  group,  there  was  an  unexplained 
tachycardia.  One  had  a  persistent  elevation  of  the  pulse  rate  to  as  high  as 
120  jier  minute  on  complete  bed  rest,  without  fever  or  changes  in  the  electro¬ 
cardiogram.  The  tachycardia  disappeared  as  the  ulcers  healed. 

It  was  noted  by  the  observers  in  Burma  that  the  general  feeling  of  well¬ 
being  may  have  contributed  to  the  psychoneurotic  state  observed  in  some 
patiems  whose  hospitalization  was  prolonged  because  the  ulcers  failed  to 
heal  or  because  there  was  a  recurrence  during  attempts  at  reconditioning.^® 

Suppurative  adenitis  or  lymphangitis  were  remarkably  rare  despite  the 
presence  not  only  of  virulent  C.  diphtheriae  but  frequently  of  hemolytic 
Staph,  am'eus  or  beta  hemolytic  streptococci.  Moderate  local  swelling  of 
the  lymph  nodes  without  heat,  however,  was  frequent. 

In  two  Schick-positive  individuals,  a  striking  erythema  and  edema 
occurred  about  the  ulcers  following  administration  of  diphtheria  antitoxin. 
This  may  be  analogous  to  the  Francis  reaction  as  observed  in  pneumococcal 
infections. 

Hyperhidrosis  of  the  hands  and  feet  in  association  with  cutaneous  diph¬ 
theria  was  noted  by  the  Burma  group  in  13  percent  of  the  patients. 

S'*  MPdical  Bulletin  No.  2.  Office  of  the  Theater  Chief  Surgeon,  Headquarters,  Theater  Service 
Forces.  European  Theater,  January  1946,  pp.  21-24. 

.•is  See  footnote  12  (1),  p.  281. 

30  See  footnote  10,  p.  282. 

See  footnotes  12  (4),  p.  281;  and  13,  p.  281. 
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RELATION  TO  THE  SCHICK  REACTION 

The  rehition  of  the  incidence  of  tlie  lesions  to  the  Schick  reaction  of  the 
individnal  is  of  considerable  interest,  as  it  has  hoih  etiolo}ri<'at  and  prophy¬ 
lactic  connotations.  It  was  found  in  the  South  Pacific  experience  that  indi¬ 
viduals  with  diphtheritic  idcers  are  much  more  fre<|uently  Schick  jxxsitive 
than  the  general  popidation  of  which  the  patients  are  a  part  (table  43). 
This  indicates  that  the  Schick-negative  stage  is  in  large  measure  prote<’tive. 
At  the  Moore  Oeneral  Hospital,  13  of  the  IS  patients  with  virulent  l\  diph- 
thet'ht'  in  their  cutaneous  lesions  had  positive  Schick  reactions.  These 
lesions  had  been  pi'esent  for  as  long  as  4  months.  All  of  those  at  the  Harmon 
Oeneral  Hospital,  however,  had  negative  Schick  reactions.  In  another  large 
group  in  the  Tndia-Hurma  theater  (69th  Oeneral  Hospital),  40  percent  of 
infected  individuals  were  Schick  |K)sitive.  while  20  jiercent  of  uninfeiMed 
individuals  in  a  random  sampling  of  a<hnis.sions  were  Schick  positive.  It  is 
notable  that  the  divisions,  after  combat  stu-vice  in  the  ’Propics,  have  a  lower 
incidence  of  Schick-positive  individuals  than  the  35  to  45  percent  before 
going  overseas.  On  the  dermatology'  ward  at  a  large  hospital  in  the  Unite<l 
States,  34  percent  of  patients  from  the  Pacific  admitted  with  this  di.si»ase 
were  Schick  positive  in  contrast  with  the  75  general  medical  admissions 
from  the  Pacific  areas,  of  whom  only  13.3  percent  were  Schick  ]>osilive. 
Thirty-two  percent  of  the  individuals  harboring  avirulent  C.  diphthrviae 
were  Schick  positive.  'Phis  suggests  a  general,  largely  subclinical,  diphtheri- 
zation  anologous  to  that  which  Dudley  found  in  his  school  studies.  Hen- 
.sted,"”  during  an  outbreak  of  diphtheria  among  Pritish  troops  in  northwest 
India,  performed  Schick  tests  on  his  battalion  and  observed  that  all  of 
those  subsetjuently  developing  diphtheritic  ulcers  were  S(*hick  positive. 


Tablk  4;t. — Schick  reaclions  of  indiridualit  wiih  diphtheritic  tropical  iilcrrg  in  three  infantri/ 

dii’inions  in  the  South  Pacific  Area 


Infantry  division 

t’lii’r.s  «■ontldni^|! 
toxlitenio  i 

itiphtheriar 

t'lwrs  contnininK 
ntoxir  f ’.  diphthrrittt 

Keaetliins 

Niindior 

testiHl 

IVni’iil 

{lositivi- 

Niimlier 

tested 

IVnrnt 

[lasitive 

NuinlH>r 

tested 

Cereent 

(lo.sllive 

25lJi  and  4:td  coinhiiifd  _  . 

.57 

42.  1 

1 

14 

28.  .5 

2.')th  .  _ 

1  ■  -  ! 

t),  OflO 

21.0 

4:td.  _  _  _ 

..  _ . 

11,  !M>8 

!  27. 8 

27th..  -  _ _ _  . 

74 

20.  :i 

J2 

8.  5 

12.  135 

1 

j  11. 0 

i 

Sourct*:  I.ioliow,  A.  A.,  MnrU-mi,  I’.  I)..  (tuiiistnul.  J.  II..  anil  Wi'lt,  I,.  (I.:  Tnipii-ul  riirr.'!  anil  Cutani'oiis  iH|ili. 
tlirria.  Ari’h.  Iiit.  Mial.  78:  '2.Vi  Si.picnila'r  ISHii. 


'll  Bi'nHti'd,  II.  J.  :  A  mmited  Oiitbronk  of  I>iphth<>rin  Kxhibitine  Uoth  CiitnnpouH  iiiid  l''iiiiclal 
la’MioiiH.  J.  Ro.v.  Arm.v  M.  Corpa  07  :  285-307,  Nov«>nib«>r  1036. 
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Several  instances,  liowever,  have  been  recorded  of  the  development  of 
diphtheritic  ulcers  in  Schick-negative  individuals.  One  patient  in  the  27th 
Division  had  been  found  Schick  negative  1  month  before  admission  for  a 
diphtheritic  ulcer  of  2  weeks’  duration.  In  the  India-Burma  theater,  one 
patient,  a  medical  officer,  who  was  known  to  have  had  a  negative  Schick 
test  before  he  acquired  the  infection,  later  developed  postdiphtheritic  neu¬ 
ritis  and  myocarditis.  In  the  same  group,  there  was  another  man,  previously 
Schick  negative,  from  whose  ulcers  toxigenic  C.  diphtheriae  was  cultivated. 
Two  Schick-negative  individuals  in  whom  cutaneous  diphtheria  appeared 
are  mentioned  in  the  April  194r»  report  from  the  69th  General  Hospital  in 
the  India-Burma  theater.  One  had  been  Schick  negative  41/2  months  before 
the  cutaneous  lesion  developed  at  the  site  where  he  had  been  scratched  by  a 
psychotic  Chinese  soldier  patient.  The  other  was  a  cook  who  had  been 
found  Schick  negative  3  weeks  previously;  he  had  suffered  a  laceration  from 
tripping  over  a  crate.  These  cases,  as  well  as  others  in  which  the  Schick 
reaction  was  negative  within  1  to  5  days  after  apparent  onset,  indicate  that 
a  negative  Schick  reaction  does  not  neces.sarily  imply  immunity  to  cutaneous 
diphtheria  and  its  complications. 

The  interpretation  of  a  Schick-negative  reaction  in  an  individual  with 
established  ulcers  is  difficult.  The  Schick-negative  state  may  either  have 
existed  at  the  time  the  skin  became  infected  or  it  may  have  b^n  induced  by 
the  micro-organisms  resident  in  the  skin. 

Certain  patients  have  positive  Schick  reactions  despite  the  fact  that 
ulcers  containing  toxigenic  C.  diphtherine  have  existed  for  many  months. 
This  suggests  that  the  skin  is  not  a  good  absorbing  surface  for  the  toxin. 
It  has  long  been  known  that  a  single  attack  of  pharyngeal  diphtheria  fails 
to  reverse  the  Schick  reaction  in  about  60  percent  of  persons  retested  3  to  4 
months  after  recovery.  Further  evidence  that  the  skin  does  not  absorb  toxin 
as  efficiently  as  the  phaiynx  is  the  long  latent  period  before  neuritis  develops 
in  tlie  purely  cutaneous  cases  (p.  301). 

CUTANEOUS  AND  EXTRACUTANEOUS  DIPHTHERIA 

Incidence. — The  concomitance  of  cutaneous  and  extracutaneous  diph¬ 
theria  has  been  noted  previously,  especially  by  Bensted,  and  Cameron  and 
Muir^-  in  the  Middle  East.  In  the  South  Pacific  studies,  routine  cultures 
of  the  nose  and  throat  of  174  patients  with  diphtheritic  ulcers  revealed  C. 
diphtheriae  in  19  (11  percent)  of  them.  This  is  a  much  higher  carrier  rate 
than  in  the  general  military  population  of  which  these  patients  w’ere  a  part. 
Ten  of  the  nineteen  individuals  had  clinical  pharyngeal  diphtheria,  and  two 
had  fibrinous  rhinitis.  There  were  also  six  pharyngeal  carriers  and  one  nasal 
carrier.  In  the  India-Burma  series,  only  1  of  the  119  patients  with  ulcers 
had  virulent  C.  diphtheriae  in  the  throat,  but  8  others  had  diphtheroids  re- 

43  Cameron,  J.  D.  S.,  and  Muir,  E.  O. :  Cufnneoua  Diphtheria  in  Northern  Palestine.  Lancet  2 : 
720-72.3,  19  Dec.  1942. 

63924.3'^ — 6.3 - 2.3 
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sembling  C.  diphtheriae.  Tlu»re  was  another  patient  with  both  faucial  anti 
cutaneous  lesions  who  was  not  inclutletl  in  the  series. 

Autoinfection  of  nasopharynx  from  the  skin. — In  the  India-Hurina 
series,  two  questionable  faucial  involvements  occurreil  more  than  6  weeks 
after  the  onset  of  postdiphtheritic  neuritis,  which  apparent!}’  resulted  from 
cutaneous  diphtheria. 

In  3  of  the  12  clinical  cases  of  the  South  Pacific  group  mentioned  previ¬ 
ously,  the  patients  had  Iteen  sent  to  the  h<»spital  for  the  treatment  of  ulct*rs 
and  were  found  to  be  Schick  positive.  Acute  pharyngitis  develoi^ed  while 
the  patients  were  in  strict  isolation  for  periods  varying  from  2t  o  to  T)  weeks. 
All  three  had  had  negative  throat  cultures  and  were  not  given  antitoxin  until 
the  pharyngitis  IxHaine  manifest.  These  cases  demonstrate  that  in  all  prob¬ 
ability  autoinfection  of  the  itasopharynx  from  the  skin  can  occur.  The  other 
clinical  cases  were  admitted  primarily  for  pharyngitis  or  rhinitis,  although 
in  five  of  them  ilcers  antedated  the  diphtheria  of  the  throat  for  periods 
varying  from  3  to  7  weeks. 

In  27  phai'yngeal  ca.ses  observetl  at  the  122d  Station  Hospital  in  the 
New’  Hebrides,  14  (52  percent)  had  had  skin  ulcei’s  that  antedated  the  naso¬ 
pharyngitis  from  1  week  to  3  months.  In  the  newrly  described  British  series 
of  7G  cases  of  cutaneous  diphtheria,  12  wei*e  coincident  infections  of  the  skin 
and  throat.  In  nine  of  these,  the  skin  infection  definitely  preceded  that  of 
the  throat  or  nose. 


COMPLICATIONS 

Incidence. — The  incidence  may  be  described  as  actual  and  apparent. 

1.  The  actual  incidence  of  complications,  as  well  as  the  severity  of  the 
disease,  is  determined  by  the  toxigenicity  of  the  micro-organisms  and  by 
the  level  of  susceptibility  of  the  population.  Dudley  in  particular  has 
pointed  out  how’  susceptibility,  by  a  process  of  latent  immunization,  tends 
to  fall  in  an  environment  where  C.  diphtheriae  is  widely  disseminated.  Evi¬ 
dence  that  this  has  occurred  in  the  Tropics  is  the  Schick  reaction  of  veterans 
of  the  Pacific  campaigns  as  compared  with  those  of  ti’ainees. 

2.  The  apparent  incidence,  given  con.stant  factors  of  toxigenicity  and 
susceptibility,  is  determined  by  the  accuracy  with  which  all  cases  of  diph¬ 
theria,  complicated  and  uncomplicated,  are  diagnosed.  This  has  l)een  espe¬ 
cially  true  in  the  Tropics,  where  the  clinical  manifestations  fi-equently  have 
been  ver\’  mild  (as  descrilied  by  Norris  and  his  coauthors)  anti  where,  as  a 
consequence,  skillful  bacteriologic.al  technitjue  is  {^articular  necessary.  Many 
cases  of  diphtheria  have  been  di.smi.ssed  as  ordinary  nasopharyngitis  when 
routine  cultures  are  not  taken.  Brigadier  Dorland  of  the  British  Army  has 
expressed  this  point  in  remarking  about  the  apparent  high  incidence  of  com¬ 
plications.  In  48  cases  of  faucial  diphtheria  at  the  Dth  (leneral  Hospital  on 
Biak,  Oppel  found  only  5  with  typical  membrane.  In  this  hospital,  in  Feb¬ 
ruary  1945,  C.  diphtheriae  were  found  in  the  throat  of  12  of  24  cases  of  acute 
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pharyngitis  or  tonsillitis;  common  colds  wei-e  not  included  in  this  series.  So 
mild  had  the  diphtheria  been  that  it  was  actually  the  presence  of  typical 
complications  that  tirst  drew  attention  to  the  existence  of  the  infection,  which 
previously  had  esca|)ed  bacteriological  detection.  This  mildness  is  probably 
the  result  of  latent  immunization.  Obviously,  the  apparent  incidence  of 
complications  will  be  high  if,  because  of  inferior  bacteriological  technique, 
few  diagnoses  of  diphtheria  are  made. 

In  any  particular  series,  it  is  difficult  to  state  whether  this  factor  or 
toxigenicity  and  susceptibility  have  determined  the  stated  incidence  of  com¬ 
plications,  but  all  of  these  possibilities  should  be  kept  in  mind. 

Diphtheritic  neuritis. — Diphtheritic  neuritis  was  reported  from  many 
parts  of  the  world,  especially  from  tropical  regions,  during  World  War  II. 
Such  factors  as  have  been  mentioned  in  the  preceding  section  probably  ac¬ 
count  for  the  following  variations  in  the  stated  incidence  of  the  postcutane- 
ous  form :  South  Pacific  Area,  3  of  85  patients  (4  percent) ;  Southwest  Pa¬ 
cific  Area,  6  of  102  patients  (6  percent) ;  India-Burma  theater,  61  of  141  pa¬ 
tients  (43  percent)  at  the  20th  General  Hospital  and  19  of  40  patients  (48 
percent)  at  the  69th  General  Hospital. 

Since  the  differential  diagnosis  and  <letailed  clinical  description  ai*e  ])re- 
sented  in  another  volume  in  the  history  of  the  Medical  Department  in  World 
War  II,^*  no  more  than  a  few  general  remarks  will  be  made  here.  Caution 
must  be  exercised  in  accepting  neuritis  as  a  complication  of  cutaneous  diph¬ 
theria.  The  minimal  evidence  that  neuritis  is  of  cutaneous  rather  than  naso¬ 
pharyngeal  origin  is  the  demonstration  of  C.  diphtheriae  in  the  skin  and  its 
absence  in  the  nose  and  throat.  Gathering  this  evidence  has  been  neglected 
in  many  series  of  cases,  including  the  earliest  ones  of  Walshe.^* 

Cultures  of  all  known  foci  of  diphtheritic  infections  are  especially  im¬ 
portant  in  view  of  the  mildness  of  the  nose  or  throat  symptoms  in  some  cases, 
especially  of  anterior  nasal  diphtheria,  where  crusting  and  nasal  discharge 
may  be  minimal.  It  must  be  remembered,  however,  that  even  if  the  micro¬ 
organisms  are  found  only  in  the  skin  they  may  at  one  time  have  been  pres¬ 
ent  in  the  nasopharynx  where  they  may  no  longer  be  demonstrable.  This  is 
emphasized  by  the  fact  that  in  some  series  it  has  been  specifically  stated  that 
the  patients  spontaneously  mentioned  neither  the  sore  throats  nor  the  skin 
lesions  in  giving  an  account  of  the  symptoms  antecedent  to  the  first  neuro¬ 
logical  illness.^®  Thus,  in  some  series  of  cases  it  is  not  possible  to  state  to 
which  variety  of  diphtheria  the  neurological  complications  are  related. 

In  contrast  to  the  nature  of  the  complication  following  pharyngeal 
diphtheria,  the  cranial  nerves,  particularly  the  ninth,  were  rarely  involved 
in  cases  proved  to  be  purely  cutaneous.  It  was  generally  true  also  in  Samp- 

■«  Medical  Department,  United  States  Army.  Internal  Medicine  In  World  War  II.  Volume  III. 
Infectious  Diseases  and  General  Medicine.  [In  preparation.] 

Walshe,  F.  M.  R. :  Post-Diphtheritic  Paralysis.  Note  on  a  Form  Followins  Cutaneous  Diph¬ 
theria.  Lancet  2;  2!i2-233,  24  Aug.  1918. 

«  Perkins,  R.  F.,  and  Laufer,  M.  W. :  Clinical  Study  of  Postdlphtheritic  Polyneuritis.  J.  Nerv. 
&  Ment.  Dis.  104  :  59-65,  July  1946. 
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son’s  series  of  20  cases,  ami  a  similar  impression  was  held  hy  Quillinan,^* 
although  no  detailed  evidence  was  pi-esented.  This  may  be  less  true  of  pa¬ 
ralysis  of  accommodation,  whhdi  is  transient,  and  in  which  esi)ecially  skillful 
observation  is  necessary,  than  of  pharynjieal  paralysis.  There  is  no  doubt 
that  diphtheritic  neuritis  can  occur  in  iiulividuals  with  positive  Schick  reac¬ 
tions.  Apparently,  in  some  instances,  the  to.\in  is  absorbed  ui>on  the  nervous 
tissues  sufficiently  to  result  in  neuritis,  while  not  enough  antitoxin  is  stimu¬ 
lated  to  reverse  the  Schick  reaction,  (lenerally  speaking,  a  single  clinical 
attack  of  nasopharyngeal  diphtheria  fails  to  reverse  the  Schick  reaction  in 
approximately  60  ptu'cent  of  cases.  Ijow  antiltody  levels  do  not  preclude 
previous,  even  relatively  m'ent,  diphtheritic  infections,  as  Bronson*^  would 
imply.  This  is  pointed  out  by  the  observations  of  (lanimon  and  Schoenbach. 
In  Bronson’s  series,  it  is  mentioneil  that  SO  percent  of  proved  cutaneous 
diphtheria,  even  of  long  duration,  had  positive  Schick  reactions.  Also, 
Bronson  mentioned  a  patient  with  nasopharyngeal  diphtheria  who  mis 
Schick  positive  3  months  after  the  infection  and  who  had  had  antitoxin  for 
treatment  in  the  meantime.  Three  in  Sampson's  series  had  jwsitive  Schick 
reactions  at  the  time  the  neuritis  was  diagnosed,  but  in  these  cases  C.  dlph- 
themie  was  not  demonstrated.  In  the.  20th  General  Hospital  group,  all 
patients  with  definite  complications  had  negative  Schick  test.s. 

In  most  cases  of  undoubted  diphtheritic  neuritis,  there  is  an  elevation 
of  spinal  fluid  protein,  sometimes  with  changes  in  the  colloidal  gold  curve, 
but  almost  always  without  pleocytosis.^”  In  Help,  Sutherland,  and  Hash- 
inger’s'*®  cases,  the  spinal  fluid  protein  levels  varied  between  57  and  230  mg. 
percent.  The  average  in  Perkins  and  Laufer's'"’  series  of  21  ca.ses  was  111 
mg.  percent,  but  some  were  as  high  as  200  mg.  percent.  In  Sampson’s  group 
of  20  instances,  most  of  which  were  postcut aneous,  approximately  one-third 
were  l)elow  40  mg.  i)ercent,  the  others  were  higher,  aJid  the  maximum  was 
134  mg.  percent.  In  the  India-Burma  series,  the  proteins  were  described  as 
elevated  in  nearly  every  <ra.se  ami  in  general  ‘'’pro|M>rt ionul  to  the  .severity  »)f 
the  neurological  disease.”®*  This  so-called  albunjimwytological  dissociation 
has  caused  a  gre^it  deal  of  confusion,  and  much  neuritis  of  diphtheritic  origin 
has  l)een  classified  under  the  Guillain-Barre  syndrome,  rather  than  under 
the  etiological  diagnosis.  Often,  this  has  been  in  flagrant  tlisregsird  of  the 
principle  that  eponyms  should  l)e  applied  only  to  the  .syndrome  as  originally 
described.  A  part  of  the  confusion  has  arisen  from  lack  of  knowledge  of 

•w  Mpilicnl  BullpUn  No.  2.  Offlcp  of  tho  Tlionter  Chief  Siirseon,  Headquarters,  Theater  Serrlce 
Forces.  Euro|)enn  Theater,  January  1040,  p|>.  10-20. 

o  Bronson.  L.  H. ;  On  the  Rtioloey  of  NeiiroloRleal  Disease  FoIIowInR  Infections  of  the  Throat 
and  Skin  and  the  Incidence  of  Diphtheritic  Infections.  Arch.  Neurol,  h  Psychiat.  56:  55S-566, 
November  1046. 

48(1)  See  footnote  8,  p.  279.  (2)  Kankin,  J.  H.  :  Diphtheritic  Pidyneuropathy.  KTO  M.  Bull. 

32  :  32-35.  Jiily-August  1945. 

49  Delp.  M.  II..  Sutherland,  O.  F.,  and  IlashInKer,  E.  II. :  Pnst-Dlphtlierltlc  Polyneuritis :  A  Re¬ 
port  of  Five  Cases  With  Album lno<'.vtalo(rIc  IHiwoflntlon  SliniilatInK  Oiiillain-Bari^'s  Syndrome. 
Ann.  Int.  Med.  24  :  618-628.  April  1940. 

60  See  footnote  45,  p.  299. 

51  See  footnote  12  (4)  and  (0),  p.  281. 
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cutaneous  diphtheria  and  its  soars.  Also,  there  has  been  ignorance  of  the 
fact  that  a  positive  Schick  reaction  is  not  incompatible  with  diphtheritic 
neuritis.  The  greatest  cause  of  the  difficulty,  however,  has  been  inadequate 
bacteriological  diagnosis  of  cutaneous  and  mild  nasopharyngeal  diphtheria. 
Tliese  remarks  must  not  be  construed  to  imply  that  there  were  no  other 
causes  of  neuritis  among  U.S.  soldiers;  some  had  all  of  the  features  of  the 
syndrome  as  originally  described  by  Guillain,  Barre,  and  Strohl.®-  It  is 
desired  to  emphasize  here,  however,  that  the  vast  majority  of  cases  of  neu¬ 
ritis  seen  in  the  tropics  were  diphtheritic  in  origin. 

In  the  South  Pacific  series,  it  was  considered  desirable  to  subdivide  the 
cases  of  neuritis,  as  follows: 

Group  A. — Neuritis  complicating  proved  cutaneous  diphtheria  without 
evidence  of  C.  diphtheriae  elsewhere. 

Group  B. — Neuritis  associated  with  ulcers  of  the  skin  unhealed  at  the 
time  of  admission  but  not  demonstrated  to  contain  C.  diphtheriae. 

Group  C. — Neuritis  in  individuals  with  scars  of  tropical  ulcers. 

Group  D. — Neuritis  in  individuals  with  scars  of  tropical  ulcers  and  his¬ 
tory  of  sore  throat. 

Group  E. — Neuritis  in  individuals  proved  to  have  diphtheritic  pharyn- 

Group  F. — Other  cases  of  neuritis  clinically  indistinguishable  from 
diphtheritic  neuritis. 

After  the  diphtheritic  nature  of  certain  tropical  ulcers  became  appar¬ 
ent,  there  was  no  instance  of  neuritis  of  the  type  discussed  that  could  not  be 
related  either  to  the  ulcers,  sore  throat,  or  to  proved  diphtheritic  pharyngitis 
or  dermatitis. 

Notable  in  cutaneous  diphtheria  is  the  long  incubation  period  of  neu¬ 
ritis.  In  the  three  cases  in  group  A  of  the  South  Pacific  series,  the  symp¬ 
toms  began  between  3  and  7  months  after  the  lesion  was  first  noted  by  the 
patient.  In  two  of  the  patients,  the  lesion  occurred  2  and  4  months,  respec¬ 
tively,  from  the  time  that  the  toxigenic  C.  diphtheriae  was  first  cultured 
from  the  lesion.  In  pharyngeal  diphtheria,  neuritis  most  commonly  begins 
within  6  weeks  after  onset  of  sore  throat.  In  a  series  of  21  cases  of  neuritis 
observed  at  a  neurological  center  in  the  United  States,  the  average  time  of 
appearance  of  the  neurological  symptoms  after  onset  of  the  nasopharyngeal 
disease  was  26  days,  whereas  it  was  2%  months  after  the  onset  of  the  cutane¬ 
ous  lesion.”  There  is  some  variation  in  this,  since  in  another  group  at  the 
Baxter  General  Hospital  the  incubation  period  of  the  cutaneous  cases 
varied  between  30  and  77  days,  and  of  the  pharyngeal  cases  between  30  and 
72  days.  The  interval  between  the  onset  of  the  ulcers  and  the  onset  of  the 

Oaillaln,  G.,  Barr4,  J.  A.,  and  Strolil,  A. :  Sur  un  ayndrome  de  radicnlo-n^vrlte  avec  hyper- 
albumlnoae  du  liqnlde  cephalo-rachldien  aana  reaction  cellulaire.  Remarquea  sur  lea  caractbrea  clinl- 
ques  et  grapliiqaea  dea  r^flezea  tendineuz.  Ball,  et  Soc.  mM.  d.  hdp.  de  Faria  40:  1462-1470, 

13  Oct.  1916. 

5.1  See  footnote  45,  p.  299. 

54  See  footnote  19,  p.  283. 
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neuritis  in  the  liKliii-liurina  series  was  68  days  in  the  20th  (Jeneral  Hospital 
group  and  73  days  in  the  referreil  patients.  It  was  of  the  same  order  of 
magnitude  at  tlie  6J)th  (ieneral  Hospital  in  the  same  theater.**^  In  a  reported 
Britisii  exi)erienee  in  North  Africa/’*  an  interval  of  6  to  10  weeks  elapsed 
in  most  cases  after  the  skin  lesions  were  noted  and  before  the  neurological 
symptojns  apijeared. 

The  duration  of  the  neurtdogical  symptoms  is  considerable.  In  Sampson's 
series,  it  varied  In'tween  ait  and  155  ilays.  In  the  India-Burma  group,  the 
average  case  lastetl  1(K)  days. 

Among  the  interesting  clinical  manifestations  is  the  fact  that,  contrary 
to  other  varieties  of  neuritis,  |)ersistent  muscle  weakness  was  rare.  One 
instance,  however,  is  report etl  by  Sampson  in  which  there  was  residual 
paralysis  of  the  serratus  anterior  and  deltoitl  muscles.  The  group  at  Baxter 
General  Hospital  observed  a  partial  ele<'trical  reaction  of  degeneration  in 
all  of  the  severe  cast's.  Pain  was  a  most  unusual  symjdom. 

Carditis  in  cutaneous  diphtheria. — MytK'arditis  has  come  to  be  the 
most  important  cause  of  death  in  diphtheria.  During  World  War  II,  tissues 
from  221  cases  of  diphtheria  were  sent  to  the  Army  Institute  of  Pathology 
(now  the  Armed  Forces  Institute  of  Pathology),  Washington,  D.C.,  foi¬ 
st  mly."’"  There  was  evidence  of  myocarditis  in  143  or  (>5  i>ercent  of  these 
cases.  By  1045,  postiliphtheritic  myocarditis  had  become  an  important  cause 
of  death  among  troops  in  the  army  of  occupation  in  Germany.  At  the 
7th  Medical  Laboratory,®*  Griifelfing,  Germany,  it  was  the  cause  of  death 
in  12  of  the  285  post  mortem  examinations  reviewed,  and  at  the  4th  Medical 
Lalioratory,®*  Paris,  France,  in  15  of  1,021  autopsies.  In  all  but  1  of  these 
27  fatal  cases  of  myocarditis,  antitoxin  had  been  administered  5  or  more 
days  after  the  onset  of  diphtlieria,  if  at  all.  (’utanefius  diphtlieria  also  was 
complicated  by  myocarditis,  as  seen  in  eight  of  the  deaths  in  the  Army  Insti- 
tute  of  Pathology  series  with  such  a  pathogenesis. 

In  the  India-Burma  gixmp  of  141  “*  cases  of  cutaneous  diphtheria, 
indubitable  evidence  of  carditis  existed  in  four  instances,  one  of  which  came 
to  autopsy,  and  of  probable  myocarditis  in  three,  a  total  incidence  of  5  per¬ 
cent.  In  seven  othei-s,  there  were  suggestive  findings  in  the  electrocardio¬ 
graphic  tracing.s,  but  the  diagnosis  could  not  be  definitely  established.  All 
individuals  Avith  definite  myo<-arditis  had  extensive  skin  lesions.  A  program 
of  case  finding  Avas  instituted  Avhich  included  a  careful  physical  examina- 

.■'5  Soe  footnote  14  (1),  p.  281, 

.■•6  Spp  footiioti’  7  (2).  i>.  279. 

Goro.  1. :  M.vm-nnlinl  Chnncos  in  Fatal  Diplitliorin  :  Stimniar.v  of  Observations  in  221  Cases. 
Am.  .T.M.  Sc.  21."i:  2i57-266,  March  1048. 

S’*  Medical  Bulletin  No.  2,  OtBce  of  the  Theater  Chief  Surj;eon,  Headquarters.  Theater  Servic*' 
Forces.  Kiiropean  Theater.  Jnniiar.r  194fi,  pp.  14-18. 

S9  Aledical  Bulletin  No.  1.  Office  of  the  Theater  Chief  Surjjeon.  Ileadquartert,  Theater  Servic«* 
Forces.  Kuropean  Theater.  December  194i».  pp.  10-23. 

«*•(!)  Kay.  C.  F. ;  Myocardial  Complications  of  Cutaneous  Diphtheria.  [Official  record.]  (2) 
Kay,  C.  F..  and  I.ivincood.  C.  S. ;  Myocardial  Complications  of  Cutaneous  Diphtheria.  Bull.  U.S. 
Army  M.  IVpt.  4:  462-464.  Octob«>r  1043. 
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tion,  as  well  as  electrocardiographic  tracings,  as  soon  as  possible  after  the 
diagnosis  of  cutaneous  diphtheria  was  made,  and  at  intervals  of  15  to  30  days 
thereafter  until  well  after  the  lesions  had  become  inactive.  In  the  same 
group  of  111  individuals,  the  incidence  of  neurological  complications  was 
43.5  [jercent.  xVll  four  of  those  with  definite  myocarditis  had  neuritis.  Neu¬ 
ritis  usually  preceded  myocarditis  except  in  the  one  fatal  case.  The  earliest 
appearance  of  the  electrocardiographic  changes  was  on  the  20th  day  of  the 
existence  of  the  cutaneous  lesion;  in  the  fatal  case,  the  severe  symptoms 
appeared  on  the  38th  day,  followed  by  death  3  days  later;  and  in  another 
case,  myocarditis  appeared  on  the  60th  day.  The  duration  of  electrocardio¬ 
graphic  changes  was  from  60  to  90  days  among  those  in  whom  the  diagnosis 
was  certain  and  approximately  30  days  in  those  in  whom  the  diagnosis  was 
considered  probable.  The  incubation  period  was  shorter  in  the  postpharyn¬ 
geal  cases.®^ 

The  clinical  findings  were  usually  minor.  Four  patients  in  the  India- 
Burma  group  were  asymptomatic,  two  complained  of  dyspnea  and  faintness 
on  slight  exertion,  and  the  one  who  died  first  suffered  abdominal  pain  with 
nausea  and  dyspnea  on  exertion.  Eighteen  hours  before  death,  discomfort 
extended  upward  into  the  chest,  then  there  was  vomiting,  collapse,  fall  in 
blood  pressure,  gallop  rhythm,  and  leukocytosis.  The  electrocardiographic 
tracings  usually  did  not  show  a  P-R  interval  in  excess  of  0.20  second,  nor 
were  abnormalities  in  the  QRS  segment  striking.  The  most  consistent  ab¬ 
normalities  were  depression  or  frank  inve’  ;o,  of  T-waves  in  the  C-R3  lead. 
These  occurred  in  all  but  the  fatal  case  of  the  India-Burma  group.  This 
was  also  the  experience  of  Ball  'who  emp  hasized  depression  of  the  S-T  inter¬ 
val.  Conduction  defects  apparent  in  the  two  cases  of  myocarditis  that 
followed  nasopharyngeal  diphiheria  were  not  observed  among  the  post- 
cutaneous  cases  in  the  India-Burma  group,  but  they  were  described  in  other 
instances  that  apparently  followed  diphtheria  of  the  skin.®- 

Several  writers  have  stressed  the  importance  of  serial  electrocardio¬ 
graphic  tracings  to  diagnosis.®^  Careful  observations  of  pulse  and  blood 
pressui’e  must,  however,  not  be  forgotten. 

Delp  and  Dimond,  who  were  successful  in  treating  two  severe  cases  of 
myocarditis,  emphasized  the  importance  of  putting  the  patients  at  absolute 
rest,  elevating  the  foot  of  the  bed,  applying  external  heat,  and  slowly  ad¬ 
ministering  glucose  solution  by  vein. 


61(1)  Ball,  D. :  Diphtheritic  Myocarditis;  With  Report  of  2  cases.  Am.  Heart  .T.  29:  704- 
707,  June  1945.  (2)  Craig.  C.  McK.,  and  Manch,  M.  D. :  A  Study  of  the  Aetiology  of  the  “Desert.” 

Septic,  or  Veldt  Sore  Amongst  European  Troops ;  And  Its  Association  With  Faucial  Diphtheria. 
Lancet  2:  478-479,  13  Sept.  1919.  (3)  Delp,  M.  H.,  and  Dimond,  E.  G. :  Diphtheria  and  the  Heart. 
.T.  Kansas  M.  Soc.  47:  254-259,  June  1940.  (4)  See  footnote  00  (1),  p.  .302. 

62  (1)  Greene,  R.  C. :  Combined  Sulfonamide  and  Diphtheritic  M.vocardltls  in  Cutaneous  Diphtheria. 
Am.  He.irt  J.  32  :  2.50-2.50.  .\ugust  1940.  (2)  Solomon,  S.,  and  Irwin,  C.  W.  :  Cutaneous  Diphtheria 

With  Toxic  Myocarditis;  Report  of  Fatal  Case  With  Necropsy  Findings.  Ann.  Int.  Med.  20:  110-120, 
January  1947. 

6.^  See  footnotes  01  (3),  above;  and  00  (1),  p.  302. 
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TREATMENT  OF  CUTANEOUS  DIPHTHERIA 

Case  finding  and  methods  of  study. — After  the  high  incidence  of 
cutaneous  diphtheria  in  tropically  ac<piired  cutaneous  infections  was  recog¬ 
nized,  and  particularly  after  the  dangers  of  contact  cases  wei*e  realized,  rela¬ 
tively  efficient  methods  of  cast',  finding  were  instituted.  These  consistetl  in 
temporarily  isolating  all  patients  with  ulcerative  dermatitis  and  making 
cultures  designed  to  detect  G.  diphther'me.  In  some  institutions,  new  patients 
were  held  on  a  si)ecial  admission  ward.  Routine  cidtures  were  made  from 
material  from  the  cutaneous  lesions  and  from  the  nose  and  throat.  If  the 
culture  was  positive  for  G.  dlphtheruu\  the  patient  was  treated  s|)ecifically 
in  isolation  until  virulent  organisms  were  no  longer  recovered.  The  other 
patients  were  released  for  treatment  in  a  general  dermatological  ward.  Such 
a  method  was  found  valuable  in  the  South  Pacific  study  in  handling  the 
heavily  infected  27th  Division  in  the  New  Hebrides  rest  area.  After  a  series 
of  talks  designed  to  accjuaint  the  battalion  surgeons  with  diphtheria  of  the 
skin,  a  centrally  located  clinic  was  established  to  which  all  patients  with 
tropical  ulcers  were  referred  for  cidture.  Those  found  positive  were  hos¬ 
pitalized.  In  this  way,  many  patients  were  put  under  treatment,  and  the 
dissemination  of  the  organisms  was  checked.  This  procedure  was  esiiecially 
effective  in  curbing  contact  cases.  Oppel  and  his  coworkers  reported  that  a 
similar  method  was  adopted  in  the  Southwest  Pacific  Area.  Individuals 
who  were  found  to  have  cutaneous  lesions  infected  wdfh  G.  diphtheriae  and 
were  Schick  positive  were  treated  with  antitoxin.  The  procedure  at  Moore 
General  Hospital  and  at  Harmon  General  Hospital  was  similar.  The 
desirability  of  making  nose  and  throat  cultures  in  such  cases  was  stressed  in 
these  institutions,  as  was  also  the  use  of  Schick-negative  attendants  in  caring 
for  them. 

Antitoxin. — During  the  Second  World  War,  serum  therapy  was  not  pro¬ 
ductive  of  remarkable  results  in  the  local  lesions  so  far  as  could  be  deter¬ 
mined  by  observers  of  wide  experience.  Certainly,  serum  was  not  lethal 
to  the  organisms,  which  may  persist  for  many  days  after  treatment.  At 
Moore  General  Hospital,  it  was  neces.sary  to  keep  patients  isolated  for  an 
average  of  61  days,  whether  or  not  antitoxin  had  been  admini.stered.  Anti¬ 
toxin,  however,  may  act  as  a  prophylactic  in  preventing  the  serious  conse¬ 
quences  of  autoinfection  of  the  nose  and  throat.  Also,  experience  in  the 
India-Burma  theater  indicated  that  antitoxin,  even  when  given  late  in  the 
coui-se  of  a  cutaneous  infection,  seemed  to  l)e  valuable  in  preventing  compli¬ 
cations  (table  44).  On  the  other  hand,  the  healing  time  in  the  India-Burma 
group  was  not  reduced;  in  69  individuals  given  antitoxin,  the  average  was 
48  days  in  contrast  with  41  days  among  28  individuals  who  did  not  receive 
antitoxin.  It  was  also  the  impression  in  the  India-Burma  theater  that 
better  scars  resulted  in  those  treated  with  antitoxin,  provided  it  was  ad¬ 
ministered  within  30,  or  better,  within  12  days  of  onset.  It  is  significant 
to  note  that  of  the  14  patients  in  the  India-Burma  group  who  were  retdas- 
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sified  or  transferred  to  the  Zone  of  Interior,  none  had  had  diphtheria  anti¬ 
toxin  within  32  days  after  onset  of  tlie  lesions.  These  statements  are  to  be 
regarded  as  suggestive,  rather  than  final,  statistically  proved  conclusions. 
According  to  Livingood,®^  the  most  important  factors  in  preventing  com¬ 
plications,  loss  of  man-days,  and  loss  of  life  from  cutaneous  diphtheria  are 
early  diagnosis  of  the  disease,  prompt  hospitalization,  and  administration  of 
diphtheria  antitoxin  as  soon  as  possible. 


Table  44. — Study  of  influence  of  antitoxin  on  incidence  of  complications  in  103  patients  with 
diphtheria,  20th  General  Hospital,  India- Burma  theater 


Complication 

Antitoxin  given 
within  32  days 
after  onset 
(36  patients) 

Antitoxin  given 
32  days  after 
onset 

(36  patients) 

No  antitoxin 
given 

(31  patients) 

Neuritis _  _  - _  -  - 

6 

10 

1 

17 

Neuritis  and  probable  myocarditis _  . 

Neuritis  and  myocarditis _  . 

2 

Myocarditis,  probable _ 

1 

Myocarditis,  acute,  severe _  .  .. 

1 

64.  5 

Percent  patients  with  complications . . 

19.  4 

1 

30.  6 

1  ' 

Note.— Most  of  tbe  men  who  received  no  antitoxin,  or  who  received  it  late  in  the  course  of  the  disease,  had  the  more 
severe  lesions.  Therefore,  the  results  recorded  in  the  table  must  be  viewed  with  caution. 

Local  treatment. — The  most  important  principles  in  healing  the  ulcers 
seen  in  the  South  and  Southwest  Pacific  and  in  Burma  seem  to  have  been 
bed  rest  and  the  application  of  moist  dressings.  Outpatient  treatment  results 
in  the  lesions  remaining  unhealed  for  many  weeks  and  continuing  as  a 
prolific  source  of  diphtheria  bacilli.  Although  C.  diphtherias  is  sensitive  in 
vitro  to  sulfonamides,  in  ulcers  it  seemed  to  be  almost  unaffected  by  these 
drugs.  In  many  instances  in  the  South  Pacific,  the  organisms  were  cultured 
directly  from  lesions  packed  with  crystals  or  covered  with  sulfonamide  oint¬ 
ment.  Application  of  sulfonamides,  however,  gave  the  lesions  a  cleaner 
appearance. 

Penicillin,  locally  applied  in  concentration  of  250  units  per  cubic  centi¬ 
meter  in  physiological  saline,  has  certain  very  definite  indications  that  be¬ 
came  evident  during  the  course  of  a  series  of  controlled  observations  in  the 
South  Pacific  Area  on  Schick-negative  individuals  whose  lesions  contained 
toxigenic  bacilli.  The  actual  healing  time  of  the  ulcers  was  not  significantly 
reduced.  Results  of  treatment  of  lesions  containing  toxigenic  C.  diphtherias 
in  Schick-negative  individuals  are  shown,  as  follows: 


Mean 

number  healing 
of  time 

Type  of  treatment  patients  (days) 

Local,  exclusive  of  penicillin _ 27  18.6 

Penicillin  soaks - 43  16.5 


•4  See  footnote  12  (4).  p.  281. 


306 


INFKCTIors  DISKASES 


In  tho  India-Buruui  t>xperit‘nce,  |K‘nu*illin  stHMiunl  to  give  moi'e  initial  im- 
2>fo\enient  and  atl'onle»l  more  relief  from  j)ain,  Imt  after  2  weeks  its  effect 
was  not  superior  to  those  of  other  measures.  Nevertheless,  in  the  South 
l‘acitie,  in  each  of  six  instances  where  an  ulcer  treated  kK'ally  with  2)enicil- 
lin  was  compared  hacteriologically  with  a  saline-treated  control  in  the  same 
individual,  it  was  found  that  the  toxigenic  bacilli  invariably  disapi)eared 
from  the  former  within  48  hours  aft'n-  the  application  of  itenicillin,  whereas, 
in  the  latter,  they  |)ersisted  until  the  lesion  was  almost  healed.  The  obser¬ 
vations  at  Harmon  (leneral  Hospital  were  similar,  pathogenic  organisms 
being  eliminated  in  cast's  treated  jtarenterally  with  iienicillin  in  an  average 
of  4  days:  in  those  tivated  with  saline  alone,  only  'J')  jH'rcent  weiv  cleared 
of  the  organisms  in  an  average  peritxl  of  8  days.  Penicillin  retlucetl  not 
only  the  hazard  of  long  contact  with  di phthcr’uu'  to  the  jiatient  himself 
hut  to  the  community  at  large. 

'riiere  seems  to  he  some  variation  in  resistance  of  diphtheria  bacilli  to 
penicillin,  as  en  whasized  hy  McDaniels.®^  His  results  indicating  penicillin 
resistance  of  a  majority  of  strains,  however,  are  not  in  harmony  with  those 
of  other  observers,  nor  with  the  general  clinical  experience  as  summarized  in 
the  prece«ling  section.  ^fcDaniels  did  not  state  the  number  of  bacilli 
employed  in  his  test,  an  important  factor  in  determining  resistance  to  in¬ 
hibitory  agents. 

Surgical  measures. — The  experience  of  (lie  India-Ihirma  group  indicated 
that  operation  should  lie  considered  if  the  ulcer  fails  to  heal  in  60  to  70  days. 
In  diphtheritic  ulcers  a  contracting  scar  was  not  formed:  also,  the  thin  new 
skin  broke  down  once  in  every  three  patients.  The  most  successful  methods 
in  a  small  group  treated  by  Roy.ster seemed  to  be  e.xcision  of  the  ulcer 
and  a  small  margin  of  normal  skin,  followed  by  apjdication  of  a  split¬ 
thickness  skin  graft,  rather  than  of  the  sliding  flap,  or  extensive  undermin¬ 
ing  and  simide  closure.  The  skin  adjacent  to  the  graft  liecame  more  pliable. 
Skin  grafts  simply  applied  to  large  ulcers,  even  after  they  had  begun  to 
granulate  cleanly,  failed  to  take. 

Factors  in  healing  time. — If  an  atoxic  organism  was  present,  the  healing 
time  seemed  to  lie  significantly  reduced.  The  following  tabulation  shows  the 
relation  of  toxigenicity  of  C.  dtphfhrrku’  to  healing  time  in  hospital; 

A/eiin 
fi  rail  II  If 

I'atirntu  limr 

C.  iliphthrriar  {iiiinibrr)  (ilni/n) 

Organisms  toxigenic  _ 107  19.2 

Organisms  atoxic - -  21  11.4 


McDaniels,  II.  E, :  reniciUln  ResDtance  of  Diphtheria  Bacilli.  Mil.  Surgeon  9(5;  95-90, 
.lanuary  1945. 

*'•«  Ro.vater.  H.  P. :  Surgical  Management  of  Cutaneous  Postdlphtherltlc  Ulcers.  Plast.  &  Recon- 
•^tnie.  Surg.  3:  294-302,  May  1948. 
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Conclusions. — Tliese  observations  suggest  tliat  the  most  efficient  way  of 
handling  the  patients  is  to  put  them  at  rest  in  bed  and  to  apply  penicillin 
locally  in  continuous  soaks  of  i250  units  per  cubic  centimeter.  Most  clinicians 
i-ecommend  the  administration  of  antitoxin,  at  least  if  the  individual  is 
Schick  positive.  In  retrospect,  it  would  probably  have  been  best  to  send 
only  Schick-negative  individuals  into  combat  in  the  Tropics. 

COST  OF  CUTANEOUS  DIPHTHERIA  TO  THE  ARMY 

A  substantial  amount  of  disability  w'as  caused  by  cutaneous  diphtlieria 
during  World  War  II.  The  lesions  were  present  in  all  tropical  areas,  but 
the  exact  incidence  is  difficult  to  estimate.  In  the  35th  Infantry,  25th  Divi¬ 
sion.  6  weeks  after  evacuation  from  the  New  Georgia  campaign,  19.4  percent 
of  200  men  who  were  carefully  questioned  and  examined  had  either  active 
lesions  or  scars  suggestive  of  previous  infection  with  C.  diphtheriae.  Two 
of  these  were  actually  proved  to  have  the  organisms  in  their  lesions.  At 
the  54th  General  Hospital  on  Biak,  29  percent  of  admissions  to  the  medical 
service  were  because  of  skin  disease.  It  can  be  assumed  that  a  considerable 
propoi'tion  of  this  was  of  diphtheritic  etiology.  In  the  South  Pacific  Base 
Command  between  1  January  and  30  June  1944,  skin  disease  was  the  primary 
diagnosis  of  9  percent  of  all  medical  evacuations  to  the  United  States.  Many 
of  these  skin  cases  that  had  been  studied  at  the  39th  General  Hospital  were 
proved  to  be  diphtheritic. 

Much  of  the  disability  was  the  result  of  the  location  of  the  lesions  on 
the  feet  and  other  places  likely  to  be  injured,  an  obvious  consequence  of  the 
fact  that  trauma  was  a  factor  in  their  causation. 

In  a  followup  study  of  140  patients  in  the  India-Burma  series,  a  total 
of  18,783  man-days  were  lost,  an  average  of  41/5  months  per  man,  not 
including  the  days  lost  by  30  patients  after  their  return  to  the  Zone  of 
Interior.”’  The  total  duration  of  skin  lesions  from  appearance  to  healing 
averaged  91  days  in  another  series  in  the  India-Burma  theater.”® 

The  chief  causes  of  prolonged  hospitalization  Avere  breakdown  of  the 
thin  scars  Avhen  activity  Avas  resumed,  or  the  neuritic  or  cardiac  complica¬ 
tions  of  the  disease.  In  53  of  the  140  cases  in  the  India-Burma  group,  the 
scars  broke  doAvn  upon  resumption  of  activity  and  13  of  these  shoAA^ed  no 
tendency  to  heal.  This  Avas  the  final  result  reported  in  August  1945.  At 
the  end  of  January  1945,  in  that  group,”®  the  causes  of  hospitalization  in 
exce.ss  of  70  days  in  a  total  of  96  patients  (69  percent  of  the  total)  were 
summarized,  as  folloAA's: 


C7  See  footnote  13,  p.  281. 

68  See  footnote  14,  p.  281. 

C9  See  footnote  12  (4),  p.  281. 
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Neuritis  _ _  .  _  _ _ _  _  4U 

Indolent  lesions  _  _ _  _  ‘J4 

Recurrent  lesions  _ _  _  _  23 

(’ardi.'ic  coiuplications  - -  -  4 

Neuritis  and  definite  car«lia«-  c«tiii|»lications  in  tlie  same  patient--  3 
Impetiginous  eczema  _  -  -  -  -  — -  2 

Total _  -  _ 


The  total  number  of  man-days  lost  in  the  KM)  individuals  on  whom  data 
are  available  in  the  South  Pacific  series  was  2,07T,  an  averafre  of  19.6  days 
per  man.  The  difference  probably  lies  in  the  .selection  of  cases.  Probably 
only  the  more  typical  and  severe  cases  were  studied  in  Burma.  This  per¬ 
haps  also  accounts  for  the  hi^fh  incidence  of  neuritis  in  the  India-Burma 
theater  as  compared  with  the  South  Pacific  Area. 

The  followup  study  of  the  experience  in  the  India-Burma  theater 
shoAved  that  60  percent  of  the  men  had  i-eturned  to  full  duty ;  18  percent  had 
been  reassigned,  12  of  25  because  of  cutaneous  diphtheria  alone:  22  percent 
had  been  returned  to  the  Zone  of  Interior,  13  of  30  because  of  cutaneous 
diphtheria  alone.  It  seemed,  however,  that  prolonged  inactivity  occasioned 
by  the  cutaneous  diphtheria  had  predisposed  to  the  development  of  psycho¬ 
neurosis  which  was  listed  as  the  primary  diagnosis  in  some  cases.  When 
this  is  added  to  the  followup  study,  the  results  are  that  20  of  25  were  reas¬ 
signed  and  22  of  the  30  Avere  returned  to  the  Zone  of  Interior  for  causes 
ascribable  to  cutaneous  diphtheria. 

ROLE  OF  CUTANEOUS  LESIONS  IN  THE  SPREAD  OF  DIPHTHERIA 

Evidence  that  Schick-positive  individuals  may  infect  the  nasopharynx 
from  their  own  cutaneous  lesions  has  already  been  presented.  Much  evidence 
has  accrued  that  ulcers  can  be  a  prolific  source  of  diphtheria  in  others. 

Evidence  from  contacts  in  hospitals. — In  the  late  spring  and  summer 
of  1943  at  the  39th  General  Hospital,  in  the  South  Pacific  group,  there  Avere 
six  instances  of  apparent  contact  infections  among  members  of  the  staff  or 
patients  before  tropical  ulcers  were  recognized  to  be  diphtheritic.  A  nurse 
attending  an  officer  with  widespread  desquamative  and  ulcerative  lesions 
had  paronychia  and  an  abscess  in  her  arm  from  which  C.  diphtJierias  and 
beta  hemolytic  streptococci  were  isolated.  Another  nurse  attending  the  same 
patient  contracted  a  sore  throat  which  Avas  not  of  membranous  type.  This 
nurse  was  known  to  have  been  Schick  negative  previously.  Another  officer, 
who  had  been  admitted  for  jaundice  2  weeks  before  and  who  did  not  have 
a  sore  throat  at  the  time  of  admission,  was  placed  in  the  cubicle  next  to  the 
first  case  and  developed  an  extensiA'e  membranous  nasopharyngeal  diphtheria. 
A  wardman  on  another  ward,  where  many  patients  with  tropical  ulcers  were 
kept,  developed  a  paronychial  granulomatous  and  ulcerative  lesion  from 
which  the  toxigenic  corynebacteria  were  cultured  (fig.  44),  and  shortly 
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thereafter  another  attendant  on  the  same  ward  developed  diphtheritic 
pharyngitis.  Pliaryngeal  diphtheria  developed  in  a  wardman  on  another 
dermatology  ward  where  there  were  many  ulcer  cases.  All  of  these  mem¬ 
bers  of  the  hospital  staff  had  been  on  wards  caring  for  patients  with 
cutaneous  lesions.  After  isolation  procedure  was  instituted  for  diphtheritic 
tropical  ulcers,  no  other  contact  cases  appeared  except  one  in  a  nurse,  attend¬ 
ing  an  isolated  patient  with  diphtheritic  pharyngitis,  who  acquired  a  severe 
membranous  nasal  diphtheria.  From  all  seven  of  these  contact  cases,  \  irulent 
corynebacteria  were  isolated. 

This  experience  in  the  South  Pacific  Area  was  not  unique.  In  the 
India-Burma  group,^®  11  patients  acquired  cutaneous  diphtheria  after  a 
period  of  hospitalization  for  another  disease  or  injury.  Faucial  diphtheria 
developed  in  another  patient  in  the  20th  General  Hospital  4  weeks  after 
admission  to  the  dermatology  ward.  Two  of  the  patients  with  cutaneous 
diphtheria  acquired  pharyngitis  and  tonsillitis.  In  one  patient,  virulent 
organisms  were  isolated  3  weeks  after  admission,  and  in  the  other  non- 
toxigenic  bacilli  were  found  6  weeks  after  admission.  Similarly,  in  a  Britisli 
experience  in  North  Africa,'^  one  nursing  sister  and  one  orderly  in  the 
dermatology  ward  contracted  faucial  diphtheria,  and  the  medical  officer  in 
charge  developed  cutaneous  diphtheria. 

At  the  13th  General  Hospital,^®  Finschhafen,  two  cases  of  diphtheria 
were  I'ect^ized  in  the  dermatology  ward.  Within  the  next  8  days,  7  clinical 
cases  and  33  carriers  were  found  by  culture  and  were  isolated,  and  in  the 
following  7  days,  3  cases  and  2  carriers  were  discovered.  Seven  patients 
in  the  dermatology  section  were  found  to  be  harboring  the  organism  in 
skin  lesions.  The  experiences  at  Ijjie,  New  Guinea,  and  at  Hollandia  were 
similar.  In  summary,  then,  beginning  in  the  latter  part  of  September  1944, 
cases  of  pharyngeal  diphtheria  appeared  in  wards  devoted  exclusively  to 
dermatological  cases  and  similar  outbreaks  centered  around  these  wards. 

At  Harmon  General  Hospital,^®  a  case  of  faucial  diphtheria  developed 
on  a  dermatology  ward.  The  procedure  described  in  the  section  on  treatment 
and  case  findings  was  then  instituted  (p.  304).  The  results  of  culturing 
42  patients  and  11  attendants  on  the  ward  at  the  time  the  first  case  was 
discovered  were  that  10  were  found  to  have  C.  diphtheT'iae,  2  of  which  were 
proved  to  be  toxigenic.  One  of  the  patients  with  toxigenic  organisms  was 
a  nurse. 

At  Letterman  General  Hospital,'^  eight  cases  of  diphtheria  originated 
in  the  dermatology  section  between  21  and  29  September  1944.  The  first 
four  occurred  in  wardmen;  the  next  two  were  in  personnel  of  the  physio¬ 
therapy  section.  All  were  of  the  pharyngeal  type  and  were  moderately 

70  See  footnote  12  (4),  p.  281. 

71  See  footnote  7  (2),  p.  279. 

T*  Essential  Technical  Medical  Data.  U.S.  Army  Forces  in  the  Far  East,  for  October  1944. 

73  See  footnote  18  (2),  p.  282. 

7+  See  footnote  20.  p.  283. 
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severe  except  the  first,  which  was  fulminating,  with  liemorrhagic  membrane. 
All  organisms  isolated  were  of  the  toxigenic  mitix  variety.  Cultures  of  dust 
from  the  dennatology  ward  were  found  to  contain  C.  dij>htheri<ie.  which  was 
virulent  for  a  guinea  pig.  The  noses  and  throats  of  the  patients  and  per¬ 
sonnel  of  the  dermatology  and  physiotherapy  sections  and  in  the  cast  room 
wei-e  also  cultured  and  14  were  found  to  harbor  toxigenic  C.  diphtheriae. 
Six  of  the  fourteen  were  Schick  positive.  These  observations  emphasize  the 
menace  of  unrecognized  cutaneous  diphtheria. 

GENERAL  CONSIDERATIONS  OF  DIPHTHERIA  IN  THE  TROPICS 

Diphtheria  among  the  natives. — In  the  coui-se  of  investigating  the 
cutaneous  diphtheria  among  the  soldiers  in  the  New  Hebrides  and  later  on 
Saipan,  it  was  noted  that  the  natives,  particularly  young  children,  had 
cutaneous  lesions  resembling  those  of  the  soldiers.  Many  of  these  were 
found  to  contain  C.  diphtherine.  Two  of  four  Melanesian  natives  (figs.  43E 
and  45),  one  with  apparently  superinfected  yaws,  yielded  atoxic  C.  diph¬ 
theriae.  Six  of  fifty-three  Tonkinese  children  had  multiple  punched-out 
lesions  generally  more  superficial  but  like  those  observed  in  the  soldiers 
(fig.  44).  Four  of  these  yielded  organisms  that  had  the  morphological  and 
biochemical  characteristics  of  C.  diphtheriae  type  mith  but  were  not  toxi¬ 
genic.  Lesions  of  identical  appearance  were  found  in  large  numbers  among 
Chamorro  children  on  Saipan.  Fifteen  strains  of  C.  diphtheriae  type  mith 
derived  from  these  were  tested  for  toxigenicity  and  one  was  found  to  be 
toxigenic.  It  is  of  some  interest  to  note,  and  not  easy  to  explain,  that  some 
of  these  ulcers  occurred  in  older  children  who  were  Schick  negative.  The 
lesions  were  most  numerous  where  trauma  was  likelv  to  occur,  as  about  the 
knees,  but  they  also  were  found  elsewhere.  Scars  of  such  lesions  were 
abundant  in  children  more  than  7  months  of  age,  and  they  were  almost 
universal  above  the  age  of  3  years. 

Many  studies  have  been  made  of  Schick  reactions  of  the  natives  in  the 
Tropics.  All  have  shown  a  high  level  of  immunity.  This  has  been  found 
to  be  true  among  Filipinos,  Malayans,  Javanese,  Hondurans,  Brazilians, 
and  the  Bantu  of  Africa.'^^  During  World  War  II,  in  the  British  Army, 
the  incidence  of  Schick-positive  individuals  among  900  sepoys  was  1.1  per¬ 
cent,  whereas  among  the  British  troops  it  was  27  percent,^®  In  the  South 
Pacific  Area,  the  Schick  reactions  of  natives  more  than  5  vears  of  age  were 
almost  invariably  negative  in  the  Solomons  (Melanesians),  New  Hebrides 
(Melanesians  and  Tonkinese  indentured  laborers  and  their  families),  and 
Saipan  (Chamorros).  Only  between  the  ages  of  7  months  and  3  years  was 
there  a  high  incidence  of  Schick  positives,  in  excess  of  50  percent,  among 

‘>3(1)  Graaset,  E. ;  Stiidlea  on  Nature  of  Antidtphtheritic  Immunity  .4mong  South  African 
Bantu  by  Mcana  of  Schick  Teat  and  .Vntitoxin  Tltrationa.  South  African  M.J.  7 :  779-785,  8  Dec. 
lO.'?.^.  (2)  Murray,  J.  F. :  Diphtheria  -Amongat  the  Bantu,  J.  Hyg.  43:  139-169,  September  1943. 

:«  See  footnote  1,  p.  276. 
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the  natives  of  tlie  various  races  investipitecl.  The  theory  was  advanced  for 
the  first  time,  that  the  rapid  reversal  of  Schick  reaction  was  the  result  of 
immunization  by  the  cutaneous  route.  It  appears  that  the  antitoxin  level 
falls  sufficiently  to  give  a  jmsitive  Schick  reaction  for  only  a  short  time, 
after  loss  of  the  transplacentally  acquired  immunity.  This  probably  ac¬ 
counts  for  the  rarity  of  severe  nasopharyngeal  diphtheria  among  natives  of 
the  Tropics. 

Conditions  among  soldiers  analogous  to  those  of  the  natives. — It  has 

been  suggested  that  the  same  conditions  which  favor  the  establishment  of 
the  enormous  reservoir  of  cutaneous  diphtheria  that  has  been  demonstrated 
among  the  natives  prevail  also  among  soldiers  in  combat.  These  conditions 
are: 

1.  The  warm,  moist  condition  of  the  skin,  which  comes  to  resemble  the 
pharynx. 

2.  The  lack  of  facilities  for  washing. 

3.  The  intimate  crowding  of  the  population. 

4.  The  numerous  opportunities  for  minor  trauma  produced  mechanically 
or  by  insects. 

5.  The  abundance  of  flies. 

All  of  these  conditions  are  extremely  favorable  for  the  spread  of  cutaneous 
diphtheria.  Among  the  soldiers,  where  there  are  many  individuals  with 
low  antitoxin  titers,  in  contrast  with  the  natives,  there  was  a  high  incidence 
of  nasopharyngeal  as  well  as  cutaneous  infection.  The  barrier  of  cleanliness 
accounts  for  the  fact  that  colonizers  living  in  the  Tropics  under  peacetime 
conditions  are  generally  more  susceptible  than  the  natives,  as  indicated  by 
the  results  of  Schick  tests,  and  that  the  former  sometimes  have  nasopharyn¬ 
geal  diphtheria  in  epidemic  form.  One  such  epidemic  is  recorded  by  Fox 
and  MacDonald  (quoted  by  Forbes), in  a  school  at  Shillong,  Assam,  the 
very  region  where  tropical  ulcers  have  been  so  common  in  natives  as  well  as 
in  TT.S,  soldiers. 

The  tropical  environment  in  association  with  the  dirt  and  crowding  is 
the  determining  factor  in  the  spread  of  the  cutaneous  varieties  of  diphtheria. 
The  original  source  of  C.  diphtheriae  is  difficult  to  determine.  Carriers  are 
always  present  in  our  own  population,  and  the  native  reservoir  may  at 
times  be  important. 

ASSOCIATION  OF  CUTANEOUS  AND  NASOPHARYNGEAL 
DIPHTHERIA  IN  MILITARY  UNITS  IN  THE  TROPICS 

As  in  the  desert  campaigns  described  so  well  by  Bensted,'^®  and  Cameron 
and  Muir,^®  nasopharyngeal  diphtheria  has  been  coexistent  with,  but  usually 

■JT  Forbes,  J.  G. :  The  Prevention  of  Diphtheria.  Special  Report  Series  No.  ll.'i.  London  :  His 
Majesty’s  Stationery  Office,  1927. 

78  See  footnote  41,  p.  296. 

79  See  footnote  42,  p.  297. 
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has  been  exceeded  in  incidence  by,  cutaneous  diphtheria.  This  was  true 
again  in  British  experience  in  the  Mediterranean,  in  the  South  Pacific,  and 
in  the  Southwest  Pacific,  although  at  the  20th  and  69th  General  Hospitals 
in  the  India-Burma  theater  relatively  few  nasopharyngeal  cases  were  diag¬ 
nosed.  The  course  of  the  epidemic  in  the  27th  Division  while  at  the  rest 
area  in  the  New  Hebrides  is  shown  in  table  45.  The  peak  occurred  on  23 

Chabt  14. — Number  of  cates  of  skin  diteases  and  diphtheria  and  ton¬ 
sillitis  in  the  Afrika  Korps,  19^2 

NUMBER 


September  1944,  In  this  same  group,  17  nasopharyngeal  cases  had  previ¬ 
ously  been  diagnosed  on  Saipan,  shortly  after  the  campaign  on  that  island. 
In  a  more  general  way,  the  incidence  of  skin  disease  and  diphtheria  and  ton¬ 
sillitis  was  closely  parallel  also  in  the  Afrika  Korps  (chart  14). 

It  will  be  noted  in  table  45  that,  as  the  patients  with  ulcers  were  re¬ 
moved  from  the  division  by  use  of  the  outpatient  clinic  described  previously, 
the  incidence  of  nasopharyngeal  diphtheria  decreased  rapidly.  The  course 
of  the  outbreaks  was  almost  identical  in  the  25th  and  43d  Divisions  previ¬ 
ously  studied  in  New  Zealand. 

Skin-to-skin  contact  seems  the  most  usual  method  of  the  spread  of  the 
bacilli  among  the  crowded  combat  troops  in  the  Tropics.  This  is  supported 
by  the  fact  that  in  general  the  nasopharyngeal  carrier  rate  among  U.S. 
troops  in  the  Tropics  has  been  low.  It  was  less  than  1  percent  among  800 
men  from  two  divisions  tested  in  the  South  Pacific  Area.  In  a  series  of  174 
patients  with  ulcers,  the  incidence  of  asymptomatic  carriers  was  4  percent. 


so  See  footnote  15,  p.  281. 
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Table  45. — Ca»ts  of  diphtheria  in  the  27th  Diviaion  in  rent  area  in,  the  \ew  Hebrides,  16  Sep- 

temher-28  October  1944 


Date  of  admission 


1944 

SeptemlKT  Ifi 

17 
\H 
Mt 
•20 
21 
‘2'2 

23 

24 
2.i 
2fi 

27 

28 
•20 
30. 

OctolHT  1  . 

<2 

3. 

4 

5.  . 

6-. 

7 

8. 

0 

10. 

11. 

12 

13 _ 

14. 

15. 

16. 

17. 

18 
10. 
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23 

24 

25 
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27.. 

‘28. . 
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1 
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Throat 

Throat 
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Throat 
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Throat 
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3 

0 
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1 

1 

3 

0 

1 
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0 

0 

0 
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4 

11 

0 

0 

1 
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1 

0 

0 
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0 

1 

0 

0 

0 
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1 

3 

0 

0 

0 
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6 

6 

3 
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The  one  group  in  whicli  the  carrier  rate  has  been  extremely  high  in  the 
absence  of  clinical  diphtheria  was  among  German  prisoners  of  war**  at  the 
camp  in  Merano.  Here,  it  was  17  percent  in  apparently  healthy  individuals 
in  a  camp  where  there  were  many  cases  of  neuritis.  This  carrier  rate  was 
exceeded  only  in  convalescents  from  clinical  diphtheria  at  the  same  camp. 
Evitlence  has  been  presented  that  diphtheria  can  be  spread  not  only  from 
skin  to  skin  but  also  from  skin  to  pharynx  and  from  pharynx  to  skin.  The 
same  or  other  individuals  can  be  involved  in  this  process. 

Oher  factors  were  considered  in  Burma.  Investigatore  cultured  rice 
paddies  as  possible  sources  of  C.  diphtherias  among  soldiers  in  the  Myitkyina 
area  but  found  them  to  be  negative.**  Flies,  in  places  where  cutaneous  diph¬ 
theria  was  prevalent,  were  cultured  in  the  Southwest  Pacific  Area.**  They 
were  found  to  harbor  C.  diphtherias  on  several  occasions,  but  all  strains  were 
atoxic.  The  role  of  flies  certainly  deserves  further  study,  since  their  known 
persistence  and  the  attraction  which  the  ulcers  seem  to  have  for  them  pos¬ 
sibly  may  make  them  important  in  spreading  the  organism  in  the  Tropics. 

DIPHTHERIA  TRANSMITTED  FROM  MILITARY  TO  CIVILIAN 

POPULATIONS 

There  is  some  evidence  suggesting  that  tropically  acquired  cutaneous 
diphtheria  in  soldiers  may  ultimately  lie  the  source  of  infection  to  much 
larger  sus<*eptible  civilian  populations  in  temperate  climates  where  it  takes 
the  nasopharyngeal  form.  The  evidence  may  be  summarized,  as  follows: 

1.  Cutaneous  diphtheria  is  frequently  ignored  by  the  soldier  and  often 
escajies  undiagnosed  by  his  physician.  Consequently,  when  the  soldier  re¬ 
turns  from  tropical  combat  to  contact  with  civilians,  his  movements  are 
unrestricted,  and  there  is  e.xcellent  opportunity  for  the  dissemination  of 
bacilli  in  the  often  rich  secretions  of  the  diphtheritic  lesions  of  the  skin. 

A  specific  example  is  cited  in  a  case  investigated  by  the  New  York  State 
Department  of  Health.  The  following  is  quoted  from  a  letter  from  Dr. 
Holl  is  S.  Ingraham,  Chief,  Division  of  Communicable  Diseases: 

.\ii  Army  captain  had  been  hospitaliml  in  New  Britain  [Bismarck  Archi))eiaKo]  in 
February  1944,  for  cutaneous  ulcers  of  tlie  legs,  buttocks,  and  hand.  He  was  returneil 
to  this  countr.v  and  was  again  liospitalized  at  Fort  Dix,  IN..T.]  in  June  1945.  lie  visited 
at  his  home  in  Hornell,  N.Y.,  from  July  27  to  Augu.st  10,  1945.  At  the  time,  there  was 
still  a  deep  ulceration  on  his  left  hand  and  arm.  A  son  Ixtrn  in  the  household  on  July 
20  was  circumciseil  on  July  31.  This  child  was  noted  to  l)e  ill  on  August  18  and  on 
inspection,  the  circumcision  wound  was  foun<l  to  l»e  unliealed  and  covered  with  a  diph¬ 
theritic  membrane.  Virulent  <liphtheria  bacilli  were  recovered  from  tiie  wound,  and  the 
child  responde*!  to  specific  tlierapy. 

An  adult  female,  the  captain's  wife,  develot»e<l  sore  throat  on  24  August.  Virulent 
diphtheria  organisms  were  found  in  her  throat  and  she  responde<l  promptly  to  antitoxin. 

81  See  footnote  23,  p.  283. 

82  I.,etter,  Maj.  J.  I..  ArbogaMt,  MC.  9th  Medical  Service  Detachment  ( Ijiboratory ),  to  Command¬ 
ing  Officer,  0th  Metlical  Service  Detacliment  (Ijiboratory).  16  Xov.  1044,  Hiibject :  Diphtheria  Survey. 

.<1  See  footnote  Iti,  p.  282. 
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A  T-year-iJd  boy,  auoiher  son.  develoiMHl  mild  dii>httaeria  on  Au/^ust  30  and  re»iJ<»od«*d 
promptly  to  treatment.  Virulent  diiditberia  orKanisms  were  recovered  from  hia  throat. 
The  captain  develope<l  no  sore  thrtwit  and  there  was  no  mention  of  any  change  in  the 
ulcers  on  the  left  hand  and  arm.  It  was  reported  that  a  culture  taken  from  his  hand 
on  Augu.st  23,  1045  at  Fort  Dlx  was  negative.  These  lesions  were  cultured  In  Hornell 
on  September  6,  and  pure  «-ulture  of  diphtheria  organisms  were  recovere<l.  On  the  whole, 
it  appears  highly  probable  that  the  infection  was  introduced  by  the  captain  but,  as  you 
will  note  from  the  dates,  the  case  was  not  proverl  beyond  doubt. 

2.  The  return  of  infected  soldiers  has  in  some  countries  been  associated 
with  a  striking  increase  in  diphtlieria  among  the  civilian  population.  This 
occurred  in  Germany  and  certain  occupied  countries,  and  also  in  New  Zea¬ 
land. 

Diphtheria  had  a  high  incidence  in  the  summer  months  of  1941  and 
1942  in  the  Afrika  Korps,  and  in  each  year  it  waned  during  the  fall  and 
winter  months.  This  information  is  derived  from  captured  German  docu¬ 
ments  in  the  European  Order-of- Battle.  Section,  G-2,  Headquarters,  Army 
Ground  Forces.  The  epidemic  began  late  in  July  1941.  In  September, 
there  were  416  diagnosed  cases,  largely  in  the  2lst  Panzer  Division^  but 
there  were  some  also  in  the  15th  Panzer  DiotHionP  In  the  report  of  the 
chief  surgeon  of  the  Panzer  Army  in  1941,  the  following  statement  appears 
(translated) “There  were  four  outstanding  diseases,  which  in  increas¬ 
ing  measure  had  an  uncommonly  high  incidence:  Dysentery,  jaundice  (in¬ 
fectious  icterus),  diphtheria,  and  ulcers  of  the  skin,  especially  of  the  lower 
extremities,”  In  the  next  year,  the  table  of  incidence  taken  from  the  cor¬ 
responding  report,  is  very  similar  (chart  14).  Diphtheria  of  the  skin  among 
German  soldiers  was  reported  in  several  papers  in  Der  deutnche  Militdmrzt.^^ 

One  such  outbreak  in  the  United  States  was  carefully  studied  by  Fleck, 
Kellam,  and  Klippen. 

The  high  carrier  rate  in  the  prisoner-of-war  camp  at  Merano  and  the 
associated  diphtheria  there  have  been  discussed  previously.  The  evacuation 
of  Germans  from  the  North  African  campaign  was  progressing  continuously 
in  1941  by  hospital  ship  to  Naples,  Italy,  thence  by  train  to  Germany,  where 
Munich  was  the  usual  debarkation  point.  From  April  to  December  1941, 
8,400  were  sent  from  Italy  to  Germany  by  train. 

Diphtheria  underwent  a  sudden  and  simultaneous  increase  among  the 
civilian  populations  in  Germany,  Norway,  and  the  Netherlands  in  Septem- 

84  Deutsches  Afrika  Korps.  TUtlgkeltsberlcht  der  Abt.  IVb,  30  Sept.  1941.  [Captured  German 
document.] 

Armeearzt,  Hauptquartier  I’niizerarmee  .\frikn.  Erfahrungsbericht,  28  Feb.  1942.  [Captured 
German  document.] 

8«(1)  Btnhold.  (NFI)  :  t'ber  Wundiphtberle.  Deut.  MUitttrarzt  8:  521-.427,  Septemlier  1943. 
(2)  Funk,  C.  F.  ;  Die  cbronlsch-ulcerosen  flacheohaften  Fyodermlei. :  Kcth.vma  simplex.  P.vodermla 
papillaris  vegetans  et  exulcerans.  sowie  das  Ulcus  cruris  ohne  Ulcus  .-aricosiim.  Deut.  Mllltiirarzt 
9  :  401-404,  September  1944.  (3)  Quartlermeisler  (Rom)  IVb,  Zurzer  TUtlgkeltsund  Rrfahrungs- 

berlcht  filr  die  Zelt  von  8.2.1941  bis  31.12.1941  des  Danltiltssoffz.  bei  Q.M.  Rom  (Heer).  Sect.  VI. 
.Abtransport  Verwiindeter  und  Kraiiker  <ler  Panzergriippe  Afrika,  28  Jan.  1942.  [Captured  German 
document.] 
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ber  1941  (chart  15),  at  the  same  time  the  diphtheria  epidemic  was  at  its 
height  among  the  German  soldiers  in  North  Africa  and  while  troops  were 
being  continually  evacuated  from  that  theater.  In  France,  the  increase 
occurred  largely  in  the  northern,  occupied  parts  of  the  country.*^  It  was  not 
until  after  a  considerable  interval  of  time  that  the  disease  became  prevalent 
in  neutral  countries,  such  as  Sweden  and  Switzerland,  to  which  travel  from 
Germany  was  relatively  slight  (chart  16). 


Chabt  15. — Diphtheria  in  Qermany,  Nor¬ 
way,  and  the  Netherlands,  19S9-44 

[Rate  expressed  as  number  of  cases  per  an¬ 
num  per  100,000  population] 

Source :  Charted  from  data  in  League  of  Na¬ 
tions,  Health  Section  of  the  Secretariat,  Weekly 
Epidemiological  Record. 


RATE 


It  may  be  objected  that  dietary  conditions  in  these  countries  were  poor. 
However,  a  similar  increase  in  incidence  of  diphtheria  occurred  in  New  Zea¬ 
land  where  the  diet  was  more  than  adequate.  Here,  it  was  associated,  at 
least  in  time,  with  the  return  of  U.S.  Marines  and  later  U.S.  Army  troops 
from  campaigns  in  the  Solomon  Islands.  Diphtheria  among  the  Marines 
has  been  described  by  Norris  and  others.  The  influx  into  the  country  began 
after  the  middle  of  1942.  The  25th  Division  appeared  en  masse  in  New  Zea¬ 
land  in  1943;  the  43d  Division  arrived  later.  Diphtheria  among  these 
soldiers  is  described  in  detail  in  this  chapter.  Thus,  the  stream  of  individu¬ 
als  infected  with  C.  diphtherine  had  been  uninterrupted  until  the  middle  of 


RT  Stowman,  K. :  Diphtheria  Rebounds.  Epidemiol.  Inform.  Bull.  1 :  157-168,  28  Feb.  1945. 
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1944.  Therefore,  the  morbidity  from  diphtheria  in  the  New  Zealand  civilian 
population  as  of  1940-41,  with  the  rise  which  began  in  1942  is  as  follows  : 


1940 

1941 

1942 

1943 


Number 

.  368 

-  383 
.  643 

-  830 


Chabt  16. — Diphtheria  in  France,  Denmark,  Sweden,  and  Switzerland,  1939-45 


[Rate  expressed  as  number  of  cases  per  annum  per  100,000  population] 


RATE 


1939  1940  1941  1942  1943  1944  1945 


Source ;  Charted  from  data  in  League  of  Ni 
Epidemiological  Record. 


RATE 


I,  Health  Section  of  the  Secretariat,  Weekly 


The  previous  peak  in  New  Zealand  was  in  1917-18  and  may  have  been 
associated  with  the  return  of  soldiers  at  that  time  from  Gallipoli  and  the 
Desert. 

It  is  of  interest  that  the  great  pandemics  of  previous  centuries  appear 
to  have  come  from  the  South.**  According  to  Friederich  Loffler,  quoted  by 
Nuttall,*®  “The  disease  appears  to  have  been  perfectly  well  known  in  Egypt, 
Syria,  and  Palestine  even  in  ancient  times.  This  is  proved  by  repeated  refer¬ 
ences  to  it  in  the  Babylonian  Talmud.”  Also,  according  to  Rolleston,**  in 
the  first  century  A.D.,  “an  unmistakable  description  of  diphtheria  is  given 
by  Aretaeus  of  Cappadocia  under  the  name  of  Syriac  or  Egyptian  ulcers 
owing  to  its  having  originated  in  Syria  and  Egypt  whence  it  spread  to  all 
European  countries.”  The  “ulcers”  refer  to  the  appearance  of  the  throat 
and  not  to  the  skin  in  this  instance. 

These  correlations  are  not  held  up  as  final  proof  of  the  importance  of 
cutaneous  diphtheria  among  the  military  as  the  ultimate  source  of  the  epi¬ 
demic  in  Europe.  However,  as  Eolleston  says:  “Subjects  of  clandestine 
diphtheria,  like  clandestine  prostitutes,  are  of  considerable  epidemiological 

88  Russel],  W.  T. :  The  Epidemiology  of  Diphtheria  During  the  Last  40  Tears.  Si)ecial  Report 
Series  No.  247.  London :  His  Majesty’s  Stationery  Office,  1943. 

89Nuttal],  G.  H.  F.,  and  Graham-Smith,  G.  S. :  The  Bacteriology  of  Diphtheria.  Oxford  : 
Cambridge  University  Press,  1908. 

BO  Rolieston,  J.  D. :  Acute  Infectious  Diseases.  London  :  William  Hoinemnnn.  Ltd..  1923. 


DIPHTHERIA 


3iy 


importance  as  both,  owing  to  their  innocent  appearance,  may  widely  spread 
disease  before  their  true  nature  is  recognized.”  Streptococci  may  be  simi¬ 
larly  introduced  since  they  abound  in  cutaneous  lesions  in  the  Tropics. 


Part  III.  A  New  Hemolytic  Corynebacterium  in  Man 

A  hemolytic  coi-ynebacterium  was  frequently  cultivated  from  naso¬ 
pharyngeal  and  cutaneous  infections  in  soldiers  evacuated  from  tropical 
islands  of  the  Pacific  and  from  natives  of  the  New  Hebrides  and  the  Mari¬ 
anas.  This  organism  which  was  given  the  tentative  designation  ^^Ooryne- 
hactermm  hemolyticurnP'’  is  similar  to  a  large  group  of  hemolytic  coryne- 
bacteria,  such  as  C.  ovis  and  C.  -pyogenes,  known  to  be  pathogenic  for  ani¬ 
mals.  This  organism  is  important  because: 

1.  It  may  readily  be  confused  with  C.  diphtheriae  in  direct  smeai’s  of 
exudates  and  on  Lofller's  slants,  and  with  beta  hemolytic  streptococci  on 
blood-agar  plates. 

2.  There  is  suggestive  evidence  of  its  pathogenicity  for  man.  In  smears 
of  exudates  and  Ixiffler^s  slants,  the  new  organism  closely  i-esembles  C.  diph- 
tlieriae,  although  it  tends  to  be  more  slender.  It  is  pleomorphic  and  granu¬ 
lar,  but  the  granules  are  not  metachromatic.  On  filtered  sugar  media  en¬ 
riched  with  human  serum  (serum  or  blood  is  necessary  for  abundant 
growth),  sucrose  is  fermented  without  the  production  of  gas,  as  are  also 
dextrose,  maltose,  lactose,  galactose,  and  dextrin,  but  not  xylose  or  mannitose. 
C.  hemolyticwn  al.so  differs  from  C.  diphtheriae  in  coagulating  milk,  in 
slowly  liquefying  gelatin,  and  in  not  reducing  nitrates.  When  inoculated 
intracutaneously  into  guinea  pigs  or  rabbits,  C.  hemolytievm  produces  lesions 
resembling  those  caused  by  C.  diphtheriae,  but  these  are  not  prevented  by 
diphtheria  antitoxin,  in  the  standard  virulence  test  of  Fraser  and  Weld. 
C.  hemohjtieum  produces  hemolytic  and  skin  necrotizing  toxins  in  brotli  that 
will  not  pass  the  Seitz  filter. 

On  24-hour  blood-agar  plates  (pH  7.4),  the  organism  is  more  hemolytic 
than  C.  diphtheriae  type  mitis,  and  its  colonies  resemble  those  of  the  beta 
hemolytic  streptococcus.  When  the  plates  are  allowed  to  incubate  for  48 
to  72  hours  the  colonies  of  C .  hemolyticam  continue  to  grow  and  become 
discoid,  contrary  to  those  of  the  Streptococcvs,  and  the  zone  of  hemolysis 
becomes  enormous,  usually  after  passing  through  a  double  phase.  Other 
colonial  characteristics  are  a  lenticular  dark  spot  visible  by  transillumination 
and  etching  of  the  surface  of  the  blood-agar  plates.  Both  of  these  phenom¬ 
ena  are  manifest  in  colonies  more  than  24  hours  old  and  are  not  seen  with 
the  beta  hemolytic  streptococcus  (fig.  46-55). 

91  Brooks,  R.  P..  and  Hucker,  G.  .T. :  A  Study  of  Certain  Members  of  the  Genus  Corynebacterium. 
J.  Bact.  48 :  295-312,  September  1044. 
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The  pathogenicity  of  C.  hemolytteum  for  man  is  indicated  by  its  ca¬ 
pacity  for  producing  lesiojis  when  inoculated  into  the  skin.  Its  low  invasive- 
ne&s,  however,  is  inferred  by  the  absence  of  coinplicatio!is  after  intracutane- 
ous  injections  in  man  and  by  the  failure  of  development  of  sigiiiticant  symp¬ 
toms  when  sprayed  on  the  normal  throat.  It  readily  becomes  parasitic  in 


Figcke  46. — Exudate  fiom  diphtheritic 
ulcer.  Corpnebacterium  diphtheriae  with¬ 
in  the  leukocytes.  Irregular  granular  ba¬ 
cilli.  Gram  stain,  (x  i>00) 


the  nasopharynx,  where  it  may  persist  for  many  weeks.  In  coiijunction  with 
another  infectious  agent  or  a  lowering  of  resistance  of  the  host,  however, 
it  is  possible  that  C.  hemolyticum  may  become  an  “opportunist  pathogen” 
for  man.  This  is  supported  by  the  evidence  of  clinical  cases  in  which  C. 
hemolyticum  was  the  dominant  organism  during  the  course  of  an  acute 
respiratory  illness,  was  unassociated  with  a  known  pathogen,  and  disap¬ 
peared  Avith  the  subsidence  of  the  disease. 


Figuke  47. — E.xudate  from  ulcer  in  one  of  the  lesions  depicted  in  figure  37A.  Note 
double  suppository  forms  of  Corynebueterium  diphtheriae  sometimes  observed  In  direct 
smears  of  exudate.  ( x  1,100) 
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FuifiiK  48. — Chronic  ulcer  of  ankle  containins  Cofuncbactcriuni  diph- 
thcriuc.  This  condition  wins  nontoxigenic  in  Melane.sian  native  of  Es- 
piritu  Santo,  New  Hebrides  Islands. 

Part  IV.  U  se  of  Penicillin  in  Treatment  of  Diphtheria 

Interest  in  penicillin  as  a  possible  tberapeutic  agent  against  diphtheria 
was  high  since  it  was  known  from  earlier  observations  of  tlie  British  that 
C.  (llphfherkie  was  sensitive  to  penicillin  in  vitro.  Some  evidence  of  varia¬ 
tion  in  the  susceptibility  of  various  strains  has  been  pointed  out  by  McDan¬ 
iels.  In  the  European  theater,  investigation  of  the  subject  was  stimulated 
by  Administrative  Memorandum  Xo.  151,  Office  of  the  Chief  Surgeon,  dated 
27  November  1944,  outlining  a  tentative  program  for  the  observation  of  the 
efficacy  of  penicillin  in  the  treatment  of  diphtheria. 

All  observers  were  agreed  that  following  use  of  the  drug  in  the  active 
nasopharyngeal  form  of  diphtheria  there  Avas  often  evidence  of  clinical 
improvement,®-  but  some  ascribed  this  to  the  etfect  on  the  frequently  con- 
comitanf  streptococcal  infection.  It  soon  became  obvious  by  the  review  of 
fataliiiet.  and  serious  complications  that  penicillin,  even  Avhen  given  early 
and  abundantly,  did  not  prevent  myocarditis.®®  In  the  words  of  Colonel 
Middleton,  Chief  Consultant  in  Medicine,  European  theater:®*  “There  is  no 
substitute  for  antitoxin  administration  on  suspicion  Avithout  undue  reliance 

"2  Karclitz,  S.,  Alolosliok,  R.  E..  and  AA'assernian,  E.  R.  ;  IVnlcillln  in  the  Treatment  of  Diph¬ 
theria  and  tlie  Diphtheria  Carrier  State.  ETO  Med.  Bull.  .12:  07-72,  Jnly-August  1945. 

93(1)  See  footnnte  •'>!),  p.  .‘!02.  (2)  Berman.  B.  B.,  and  Spitz,  S.  11.;  Penicillin  In  Clinical 

Diphtheria.  [Oflicial  record.] 

94  See  footnote  .35.  ji.  293. 
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into  eac-h  naris  and  the  posterior  pharynx  four  times  each  day  for  5  days — 
a  total  of  20,lUM)  units  per  patient  for  the  5-da\’  period.  Twelve  controls 
had  only  hot  gargles.  All  10  penicillin-treated  cases  were  negative  within 
the  treatment  period  or  on  the  first  day  theretifter,  and  were  still  negative 
4  weeks  later.  In  the  untested  group,  7  of  the  12  cases  reverted  spontane¬ 
ously  to  negative  within  the  fifth  week.  Berman  and  Spitz  concluded  that 
penicillin  seemed  useful,  but  the  number  of  cases  is  small  and  the  incidence 
of  spontaeous  reversals  to  negative  was  not  checked  2  weeks  after  the  treat¬ 
ment  period  when  this  might  be  at  its  height. 


FfGUKE  5-1. — Goryncbactcnum  hemolyti- 
cum.  48  hours  on  Liiffler's  serum  at  37®  C. 
Gram  stain,  (x  1.100) 


Figike  55. — Co>'!/»ebacteriiim  diphthe- 
riae,  48  hours  on  LOffler's  .serum  at  37°  C. 
Gram  stain.  (X  1,100)  (Compaie  witii 
tig.  54.) 


Bagnall  and  Bain  of  the  No.  14  Canadiiui  General  Hospital,  in  the 
Mediterranean,  performed  careful  experiments  using  175  patients  and  giving 
penicillin  intramuscularly.  Two  groups  were  used:  Group  A  received  a 
total  of  600,000  units  iti  5  days  on  a  dosage  schedule  of  15,000  units  every 
3  hours;  group  B  received  a  total  of  1.200,000  units  in  6  days  on  a  schedule 
of  25,000  units  every  3  hours.  The  percentage  of  success  Avas  higher  in  group 
B  than  in  group  A,  which  was  no  better  than  the  control  group.  Bagnall 
and  Bain  pointed  out  that,  in  seven  instances,  positive  cultures  recurred  after 
three  consecutive  negative  cultures  and  in  four  instances,  after  four  consecu- 
tiA-e  negative  cultures.  The  writers*  conclusions  AA-ere  that  the  results  were 
disappointing. 

Even  less  satisfactory  Avere  the  results  of  intramuscular  treatment  of 
indiAdduals  Avho  Avere  still  carriers  2  to  7  AAeeks  after  the  clinical  disease. 
Kocher  and  Siemsen  gaA'e  25.000  units  every  2  hours  for  7  days,  a  total 
of  2,100,000  units.  The  cultures  remained  positive  in  their  subjects. 

!>T  See  footnote  1.  p.  27(i. 

f>s  Kocher,  R.  A.,  and  Slemseii,  AA'.  .7.  :  Diphtheria  Carriers  Treated  With  Penicillin.  -Vnn.  Int. 
Med.  24:  883-886.  May  1946. 
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These  observers  coneluded,  however,  on  the  basis  of  another  experiment, 
that  local  therapy  is  effective.  Their  method  was  to  use  glyceiiiie-gelatine 
lozenges,  which  required  20  to  30  minutes  for  solution,  one  each  hour  for  12 
doses.  The  early  patients  in  the  series  i-eceived  lozenges  containing  500 
units,  but  their  content  was  later  raised  to  1,000  units.  Also,  penicillin 
sprays  to  the  nose  were  given.  Twenty-three  of  thirty-one  individuals 
cleared  promptly  in  1  to  10  days  after  treatment  was  started,  and  eight 
cases  that  were  persistently  positive  had  large  tonsils.  After  tonsillectomy, 
however,  these  became  consistently  negative.  Scrutiny  of  the  table  pre¬ 
sented  by  these  workers,  however,  shows  that  10,  rather  than  8,  cases  must 
be  considered  failures.  Furthermore,  in  seven  others,  the  cultures  were 
already  negative  before  local  treatment  was  started  and  are  therefore  “no 
test.” 

It  still  remains  to  be  proved  that  penicillin  is  effective  in  terminating 
the  carrier  state.  Certainly,  it  is  much  less  effective  in  persistent  carriers 
than  tonsillectomy. 


Part  V.  Problems  Remaining  for  Investigation 

Numerous  problems  have  presented  themselves  during  the  course  of 
these  wartime  investigations.  They  are,  as  follows; 

1.  Cutaneous  diphtheria  should  be  investigated  among  the  natives  of 
the  New  World  Tropics.  If  the  epidemiological  factors  are  indeed  the 
tropical  environment  in  association  with  dirt  and  crowding,  cutaneous  diph¬ 
theria  should  be  just  as  common  in  Haiti  or  Uganda  as  in  Saipan.  A  study 
in  relation  to  the  rapid  development  of  the  immunity  by  performing  anti¬ 
toxin  levels  in  natives  in  various  age  groups  might  be  most  revealing. 

2.  Of  special  interest  would  be  an  investigation  of  whether  cutaneous 
diphtheria  has  a  significant  incidence  in  the  poorer  parts  of  the  Southern 
United  States  where  it  may  account  for  the  high  levels  of  Schick  immunity 
observed  there. 

3.  Further  information  should  be  gathered  concerning  the  occurrence 
of  cutaneous  diphtheria  in  individuals  previously  Schick  negative. 

4.  The  suggestion  from  the  observations  of  Pasricha  and  Panja  that 
C.  diphtherias,  which  is  not  toxigenic  for  the  guinea  pig,  may  yet  be  capable 
of  producing  lesions  in  the  human  skin  requires  careful  investigation.  The 
factor  of  hypersensitivity  may  have  significance  in  this  connection. 

5.  Further  study  should  be  made  of  the  newly  described  hemolytic 
corynebacterium  of  the  C.  pyogenes  group  in  regard  to  its  distribution 
among  the  peoples  of  the  Tropics  and  its  pathogenicity  and  origin,  which 
may  be  in  some  species  of  animal. 

6.  Sufficient  evidence  in  controlled  experiments  has  not  as  yet  been 
gathered  concerning  the  efficiency  of  penicillin  in  treating  the  carrier  state. 
Further  investigation  is  highly  indicated. 
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7.  It  was  fouiul  tliat  beta  hemolytic  streptococci  were  extremely  com¬ 
mon  in  cutaneous  lesions  of  the  natives.  These  should  be  investigated  by 
typing  and  also  in  relation  to  the  Dick  reaction.  A  good  deal  may  be 
learned  concerning  the  actual  prevalence  of  streptococci  in  the  Tropics, 
contrary  to  previous  opinions  of  their  rarity  in  these  regions. 

Part  VI.  Summary 

Diphtheria  was  a  problem  of  increasing  importance  to  the  Army  during 
World  War  II,  particularly  after  the  occupation  of  Germany.  Many  cases 
originated  in  the  Tropics  where  the  disease  largely  took  the  cutaneous  form, 
as  it  has  in  previous  tropical  campaigns. 

The  lesions,  which  usually  were  preceded  by  trauma  or  insect  bites,  most 
commonly  assumed  the  form  of  punched-out  ulcers  with  declivitous  margins 
and  relatively  clean  bases,  to  which  occasionally  a  grey-green  membrane  or 
fibrinous  crust  was  adherent.  The  borders  were  usually  indurated  and  blue 
or  bronze  violet  in  appearance.  Exanthematous  or  moist  desquamative 
lesions  of  entirely  different  appearance  could,  however,  harbor  large  num¬ 
bers  of  G,  diphtheriae. 

The  complication  of  neuritis  or  myocarditis  occurred  occasionally,  or  in 
some  groups  of  cases  frequently,  but  usually  there  were  no  general  symptoms 
of  intoxication. 

Aside  from  these  complications,  the  lesions  were  important  for: 

1.  The  ulcers  were  usually  on  the  extremities  where  they  reduced  the 
military  efficiency  of  the  soldier. 

2.  It  is  possible  for  a  susceptible  individual  to  infect  his  own  naso- 
phaiynx. 

3.  The  lesions,  when  unrecognized,  can  be  a  prolific  source  of  both  cu¬ 
taneous  and  nasopharyngeal  diphtheria  for  others.  This  is  demonstrated 
by  evidence  of  spread  of  diphtheria  from  patients  on  dermatology  wards  to 
other  patients  and  to  ward  personnel;  concomitance  of  nasopharyngeal  and 
cutaneous  diphtheria  in  military  populations  in  the  Tropics;  and  suggestive 
evidence  that  unrecognized  cutaneous  diphtheria  in  Rommel’s  soldiers  was 
responsible  for  the  epidemic  in  Europe  where,  on  account  of  climatic  condi¬ 
tions,  the  diphtheria  took  the  respiratory  form.  The  epidemic  in  Europe 
began  in  September  1941,  when  both  cutaneous  and  nasopharyngeal  diph¬ 
theria  was  at  its  height  in  the  Afrika  Korps  and  while  large  numbers  of 
German  soldiers  were  being  returned  to  Germany  as  patients.  It  involved 
first  those  countries  under  direct  occupation  by  the  Germans  and  the  neutral 
countries  not  until  much  later. 

The  conditions  favoring  the  cutaneous  localization  of  C.  diphtheriae 
under  conditions  of  combat  in  the  Tropics  are: 

1.  The  warmth  and  moistness  of  the  skin  which  comes  to  resemble  the 
lining  of  the  pharynx. 
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2.  During  combat,  there  is  little  opportunity  for  cleanliness. 

3.  Many  minor  infections  occur  and  are  neglected. 

4.  Flies  are  extremely  numerous  and  travel  from  skin  to  skin. 

5.  There  is  frequent  and  extreme  crowding  of  the  troops. 

These  same  conditions  prevail  among  the  natives  in  the  Tropics,  who 
constitute  a  tremendous  reservoir  of  C.  dlplitheriae.  Among  them,  cutane¬ 
ous  diphtheria  is  universal  by  the  fourth  year  of  age.  Only  between  the  ages 
of  9  and  24  months  is  there  a  high  incidence  of  Schick- positive  reactions 
among  these  people.  Immunization  by  the  cutaneous  route  probably  ac¬ 
counts  for  the  rapid  conversion  to  the  Schick-negative  state.  The  level  of 
immunity  is  probably  only  slightly  depressed  during  this  brief  interval  of 
time,  and  this  probably  accounts  for  the  low  incidence  of  nasopharyngeal 
diphtheria. 

MHien  the  susceptible  soldiers  ai“e  forced  by  the  vicissitudes  of  combat 
in  the  Tropics  into  the  same  epidemiological  conditions  as  the  natives,  then 
severe  faucial  as  well  as  the  more  common  cutaneous  forms  of  diphtheria 
become  widespread. 

The  best  treatment  for  cutaneous  diphtheria  appears  to  be  to  put  the 
patient  at  rest  in  bed  and  to  aj)ply  penicillin  locally  in  continuous,  moist 
saline  compresses.  Diphtheria  antitoxin  intramuscularly  may  prevent  the 
consequences  of  autoinfectiou  of  the  phaiy-nx  and  possibly  may  diminish  the 
incidence  of  complications. 

The  best  measure  of  prevention  of  a  cutaneous  diphtheria  is  to  send  only 
Schick-negative  troops  into  combat  in  the  Tropics.  The  fact  that  more  indi¬ 
viduals  who  have  diphtheritic  ulcers  are  Schick  positive  than  the  general 
population,  suggests  that  the  Schick-negative  state  is,  at  least  to  some  extent, 
protection  against  the  development  of  the  tropical  ulcers. 

In  both  cutaneous  and  nasopharyngeal  infections  in  the  Tropics,  hemo¬ 
lytic  corynebacteria  are  common  which  may  resemble  (7.  diplitheriae  in  direct 
smears  and  on  Ixifflers  media.  These  require  further  investigation. 

More  study  is  necessary  concerning  the  use  of  penicillin  in  terminating 
the  carrier  state  and  in  the  therapy  of  clinical  nasopharyngeal  diphtheria. 
Penicillin  alone,  even  when  given  early  and  abundantly,  does  not  prevent  the 
complications  of  the  disease. 
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Tuberculosis 

Esmond  R.  Long,  M.D. 

Part  I.  Tuberculosis  in  the  Army 
HISTORICAL  PERSPECTIVE 

For  centuries,  tuberculosis  has  been  a  principal  cause  of  death  in  men 
of  military  aj;e.  In  the  4-year  period  1942^5,  pulmonary  tuberculosis,  al¬ 
though  steadily  declining  in  prevalence  throughout  the  country,  was  still 
the  chief  cause  of  disease  death  in  the  United  States  in  men  between  the  ages 
of  ir)  and  35  years.  In  most  countries  of  the  world,  the  relative  importance 
of  tuberculosis  was  much  greater  than  in  the  United  States.  In  all  armies 
in  all  countries,  whenever  accurate  records  have  been  kept,  it  has  proved 
to  be  a  leading  cause  of  disability,  adding  appreciably  to  the  noneffective 
rate,  making  disproportionate  demands  upon  the  time  and  effort  of  medical 
officers  as  well  as  upon  hospital  and  transport  facilities  needed  for  other  dis¬ 
eases  and  for  battle  casualties. 

The  U.S.  Army  has  maintained  records  of  ho.<?pital  admissions  and  mili¬ 
tary  discharges  for  tuberculosis  since  the  Civil  War.  An  account  of  this 
disease  as  a  military  problem  appeared  in  the  “Medical  and  Surgical  History 
of  the  War  of  the  Rebellion”  (pt.  Ill,  vol.  I,  Medical  History)  prepared 
under  the  direction  of  The  Surgeon  General  and  published  in  1888.  During 
nearly  5%  years  of  military  mobilization  and  operation,  13,499  admissions 
for  consumption  and  5,286  deaths  in  white  soldiers  were  reported.  As  cal¬ 
culated  from  these  figures,  the  admission  rate  was  5.7  and  the  mortality  rate 
was  2.2  per  1,000  per  annum  (table  46).  In  view  of  the  relatively  limited 
diagnostic  facilities  of  the  period,  it  is  reasonable  to  suppose  that  the  actual 
incidence  was  very  much  higher.  As  a  matter  of  fact  the  reporting  itself 
was  at  fault,  for  the  figures  for  discharge  are  higher  than  the  number  of 
hospital  admissions  for  consumption.  The  records  indicate  that  20,403  white 
soldiers  were  discharged  because  of  this  disease,  an  excess  of  12,190  over  the 
admissions,  and  this  figure  does  not  include  those  who  died  of  consuinption. 
The  reasons  for  the  discrepancy  are  complex,  involving  multiple  causes  of 
disability  and  the  return  of  consumption  cases  to  duty.  The  mean  annual 
rate  of  discharge  for  consumption  in  the  Army  in  the  Civil  War,  calculated 
from  the  figures  given  in  the  “Medical  and  Surgical  History  of  the  War  of 
the  Rebellion,”  was  8.6  per  1,000  for  white  soldiers  and  3.1  per  1,000  for 
Negro  troops. 
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Table  46. — Admissions,  deaths,  and  disability  separations  due  to  tubercular  diseases  in  the 
U.S.  Army  {Union  only),  by  diagnosis  and  race,  May  1861-June  1866  ‘ 


{Rate  expressed  as  number  per  annum  per  1,000  average  strength] 


Diagnosis  and  race 

Admissions 

Deaths 

Disability  separations 

Number 

Rate 

Number 

Rate 

Number 

Rate 

Consumption : 

White _  .  --  - 

Negro _ 

Total _ 

Scrofula: 

White.  _ _ _ — 

Negro.  .  .  _ _  _ 

Total . . 

Other  tubercular  diseases : 

White .  _ 

13,  499 
1,331 

5.  67 

6.  94 

5,  286 

1,  211 

2.  23 
6.  32 

20,  403 
592 

a  58 
a  08 

14,830 

5.  77 

6,  497 

2.  53 

20,  995 

a  17 

6,022 
2,  508 

2.  53 
13.  08 

99 

81 

0.  04 
.  42 

907 

147 

0.  38 
.  77 

8,  530 

.1 

3.  32 

180 

0.  07 

1,054 

0.  41 

- 1 

369 

20 

0.  16 
.  10 

33 

4 

0.  01 
.  02 

Negro _ 

Total . . . 

Total  tubercular  diseases: 

White . .  . 

Negro . - . 

Total _ _ - . - 

389 

0.  15 

37 

0.  01 

0 

19,890 
3,  859 

a  36 
20.  12 

5,  418 

1,  296 

2.  28 

6.  76 

21,310 

739 

a  96 
a  85 

i 

23,749 

9.  24 

6,  714 

2.  61 

22,  049 

a  58 

i 

I  Data  for  Negro  troops  are  for  the  period,  July  1863-June  1866;  there  were  no  Negro  troops  prior  to  July  1863  in  the 
Union  Army. 

Source:  The  Medical  and  Surgical  History  of  the  War  of  the  Rebellion.  Medical  History.  Washington:  Oovem- 
ment  Printing  Office  1875,  pt.  I,  vol.  I,  pp.  636-637, 646,  710,  and  716. 


In  the  short  Spanish- American  War  moderately  high  rates  were  re¬ 
corded.  For  the  decade  preceding  hostilities  the  average  admission  rate  in 
the  Army  was  2.7  per  1,000  per  annum,  but  in  1898,  following  accelerated 
enlistment  and  the  call  of  the  National  Guard  to  service,  it  rose  to  3.7,  and 
in  the  following  year  reached  4.0. 

In  neither  the  Civil  War  nor  the  Spanish- American  War,  however,  was 
tuberculosis  considered  of  sufficient  moment  to  call  for  unusual  comment  in 
the  recorded  analyses  of  the  medical  aspect  of  military  operations.  It  was 
entirely  different  in  World  War  I.  The  French  Army  recorded  a  great 
increase  in  the  incidence  of  pulmonary  tuberculosis  during  the  first  5  months, 
especially  in  French  prisoners  returned  from  Germany.  The  French  experi¬ 
ence  was  sufficiently  striking  to  engage  the  prompt  attention  of  American 
authorities,  who  set  up  special  machinery  for  the  control  of  tuberculosis  in 
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the  U.S.  Army.  These  procedures  Imve  been  described  at  length  by  Col. 
George  E.  Bushnell,  MC,  and  Col.  Esmond  R.  I.<ong,  MC.^ 

Following  demobilization,  the  incidence  of  tuberculosis  in  the  U.S. 
Army  decuviustnl  cHmtinuously  for  20  yeiu's.  Tlie  incideiuM*  rate  was  4.0  i)er 

I, 000  troops  per  annum  in  1020  and  1.4  in  1940.  General  improvement  in 
measures  for  the  control  of  tuberculosis  in  the  Army,  and  a  steady  decrease 
in  tuberculosis  in  the  population  were  largely  responsible  for  this  decline. 

DISCOVERY  OF  TUBERCULOSIS  BEFORE  INDUCTION 

The  magnitude  of  the  tuberculosis  problem  in  the  Army  in  World  War 

II,  although  substantial  in  the  aggregate,  was  relatively  much  less  thai\  in 
any  previous  conflict.  To  begin  with,  a  smaller  proportion  of  men  eligible 
for  induction  were  tulierculous.  In  1917,  the  national  death  rate  from  this 
disea.se  was  appro.ximately  140  per  100,000  population.  In  1941,  it  was 
less  than  one-third  of  that,  or  45  per  100,000  population.  The  rejection  ratio 
for  tuberculosis,  all  forms,  actual  or  suspected,  among  men  examined  at 
camps  and  by  local  boards  during  World  War  I  was  2.3  percent.  Nearly  3.8 
million  men  were  examined  during  World  War  I.*  Even  with  the  much 
superior  diagnostic  facilities  of  the  Army  in  the  Second  World  War,  the 
rejection  rate  was  much  lower  from  the  onset,  averaging  less  than  1  percent 
for  the  entire  period  of  mobilization.® 

In  World  War  I,  the  detection  and  exclusion  from  military  service  of 
men  with  tuberculosis  were  based  almost  entirely  on  the  results  of  physical 
examination.  Roentgenology  was  in  its  infancy,  and  only  a  few  thousand 
soldiers  were  examined  by  X-ray.  All  experience  since  that  time  has  indi¬ 
cated  that  physical  diagnosis  by  even  the  most  skillful,  is  much  inferior  to 
the  roentgenographic  methods  in  use  at  present.  During  the  total  coui’se  of 
mobilization  for  World  War  II,  not  less  than  20  million  men  were  examinetl 
roentgenographically  in  the  Army  enlistment  stations  and  in  the  joint  Army- 
Xavy  induction  stations.  Colonel  Bushnell’s  conclusion  on  the  value  of 
X-ray  examination  in  World  War  I  is  striking  in  the  light  of  subsequent 
developments.  It  was  based  on  the  work  of  Matson,*  and  reads:  “As  com¬ 
pared  with  the  physical  examination,  the  roentgenological  examination,  even 
when  done  by  an  expert,  occupies  a  place  of  secondary  importance  in  the 
diagnosis  of  tuberculosis  of  clinical  significance.”  However,  as  SpiPman  ® 

1  (1)  The  Medical  Department  of  the  United  States  Army  in  the  World  War.  Washington: 

U.S.  Government  Printing  Office,  1928,  vol.  IX,  pp.  171-202.  <2)  Long,  E.  K. :  The  War  and  Tuber¬ 
culosis.  Am.  Rev.  Tuberc.  45  :  610-036,  June  1042.  (3)  Long,  E.  R. :  Tuberculosis  as  a  Military 

Problem.  Am.  Rev.  Tuberc.  51 :  489-504,  June  1945. 

2  Britten,  R.  H.,  and  Perrott,  O.  St.  J. :  Summary  of  Physical  Findings  on  Men  Drafted  in  the 
World  War.  Pub.  Health  Rep.  56  :  41-62,  10  Jan.  1041. 

3  Medical  Department,  United  States  Army.  Physical  Standards  in  World  War  II.  [In 
preparation.] 

Matson,  R.  C. ;  The  Elimination  of  Tuberculosis  From  the  Army.  Am.  Rev.  Tuberc.  4 :  .308- 
416,  July  1920. 

3  Spillman,  R. :  The  Value  of  Radiography  in  Detecting  Tuberculosis  in  Recruits.  J.A.M.A.  115 : 
1371-1378.  19  Oct.  1940. 
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wrote,  tlie  chest  specialists  of  those  clays  are  ‘‘not  to  be  reproached  for  not 
having  knowledge  that  came  into  existence  only  later,  any  more  than  the 
chief  of  the  army  air  service  in  l‘,U7  is  to  he  reproached  l^e<•ause  more  etli- 
cient  planes  are  available  now  than  then.” 

During  World  War  I,  there  were  22,812  disability  separations  due  to 
tuberculosis,  or  5.52  separations  per  annum  per  1,000  average  strength.  If 
related  to  the  number  of  men  who  served  in  the  Army  during  the  First 
World  War,  the  proportion  would  be  about  0.56  percent.  Tuberculosis  was 
the  leading  cause  of  disability  separation,  accounting  for  11.1  percent  of  the 
total  (204,765)  and  13.5  j)ercent  of  separations  due  to  disease  (169,030).®  In 
World  AVar  II  for  eidisted  men,  it  was  13th  in  the  list,  accounting  for  only 
1.9  percent  of  all  discharges  for  disability  from  disease.^ 

The  full  magnitude  of  the  tuberculosis  problem  incurred  in  AVorld  AVar 
I  did  not  become  evident  until  several  years  had  passed.  The  postwar  cost 
proved  enormous.  Goldberg  ®  calculated  that  the  approximate  expenditure 
of  the  A^eterans’  Administration  for  service-connected  tuberculosis,  includ¬ 
ing  hospitalization  and  pension  costs,  from  the  close  of  AA^orld  AA’^ar  I 
through  1940  was  $1,186,000,000.  To  this  vast  monetary  expense  must  be 
added  millions  of  dollars  spent  by  the  Army  and  the  Navy  on  tuberculosis 
patients  prior  to  their  discharge.  Admissions  to  veterans*  hospitals  totaled 
293,761  for  the  years  1921  to  1940,  inclusive. 

The  peak  load  for  hospitalized  tulierculosis  Wneticiaries  was  reached  in 
1922  when  a  total  of  44,591  such  patients  were  treated  in  Government  hos¬ 
pitals  at  a  cost  of  almost  $30  million.®  As  early  as  30  June  1922,  36,600  vet¬ 
erans,  or  1  in  130  persons  in  the  Army,  had  been  granted  compensation  for 
service-connected  tuberculosis. 

At  the  beginning  of  the  Secoml  AA^orld  AA^ar.  it  was  resolved  not  to 
repeat  the  experience  of  the  First  AA’^orld  AA^ar.  It  was  recognized  that  the 
earlier  high  admission  rate  was  largely  due  to  the  acceptance  of  men  who 
were  already  infected.  In  Colonel  Bushnell's  opinion,  relatively  few  men 
developed  fresh  infection  in  the  Army.  It  was  clear  to  the  Office  of  the 
Surgeon  General  that  modern  methods  could  be  highly  effective  in  exclud¬ 
ing  the  early  types  of  tuberculosis  that  escaped  recognition  during  the  mobil¬ 
ization  of  1917.  The  reader  is  referred  to  the  chapter  on  tuberculosis  in 
another  volume  in  the  history  of  the  Medical  Department  in  AVorld  War  II 
for  the  general  procedures  employed  at  induction  stations,  and  for  a  picture 
of  the  enormous  extent  of  preinduction  examination  by  X-ray.’®  Other 

6  The  Medical  Department  of  the  United  States  Army  In  the  World  War.  Washington:  Gov¬ 
ernment  Printing  Office,  1925,  vol.  XV,  p.  2. 

7  Health  of  the  Army,  Office  of  the  Surgeon  General,  vol.  1,  31  Aug.  1946. 

s  Goldberg,  B. :  Presidential  Address  :  War  and  Tuberculosis.  Dls.  of  Chest  7  :  322-325,  Octo¬ 
ber  1941. 

9  Wolford,  R.  A.:  The  Tuberculosis  Program  of  the  Veterans  Administration.  M.  Bull.  V..\.  21  : 
127-1.35,  October  1944. 

to  See  footnote  3,  p.  331. 
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sections  of  the  cliiii)tei’  (lescril)e  lueasures  to  prevent  the  ilevelopinent  of 
tuberculosis  within  the  Arinv. 

It  is  obvious  that,  in  iiu  army  well  screened  to  exclude  men  with  active 
tuberculosis,  contagion  among  troops  would  be  slight.  However,  it  must  l)e 
realized  that  not  all  tuberculosis  is  visible  in  chest  Hlms  and  that  a  certain 
amount  of  pulmonary  and  nonpulmonary  tuben-ulosis  may  be  expected  to 
develop  as  a  result  of  endogenous  spmid  from  undetected  foci.  The  longer 
the  war,  the  more  cjvses  woidd  develop  from  such  hidden  foci,  and  also  from 
fresh,  exogenous  infections.  In  the  Second  World  War,  the  period  of  mobil¬ 
ization  and  of  hostilities  was  more  than  twice  as  long  as  in  the  First  World 
War.  Hence,  it  will  not  be  surprising  if  research  ultimately  shows  that 
tuberculosis  spreading  from  lesions  not  detectable  at  the  time  of  mobiliza¬ 
tion,  on  the  one  hand,  and  from  fresh  infections,  on  the  other,  were  together 
responsible  for  a  considerably  larger  share  of  the  total  numlier  of  cases  dis¬ 
covered  in  the  Army  in  World  War  II  than  was  believed  to  be  the  case  in 
World  War  I.^^ 

DISCOVERY  OF  TUBERCULOSIS  IN  THE  ARMY 

The  general  machinery  for  discovery  of  tuberculosis  in  .soldiers  after 
acceptance  for  service  was  the  same  as  for  any  other  chronic  disease;  it  w-as 
discovered  both  on  the  basis  of  symptoms  and  as  a  result  of  routine  exam¬ 
ination  for  any  cause.  Cases  manifested  by  symptoms  were  diagnosed  at 
sick  call  as  suspected  tuberculosis  atul  were  then  referred  to  the  station 
hospital  serving  the  post  at  which  the  call  was  made  for  necessary  observa¬ 
tion  and  further  diagnostic  procedures.  All  station  hospitals  were  thus  con¬ 
cerned  with  the  diagnosis  of  tuberculosis.  Not  all  station  hospitals,  however, 
included  on  their  staffs  medical  personnel  (jualifie<l  to  recognize  tuberculosis 
of  minimal  extent  or  borderline  activity.  Doubtful  cases  were  referred  to 
general  hospitals  for  followup  and  accurate  observation. 

n  I.oujr,  E.  R.,  nnil  Jnbloii.  S.  :  Tuberculosis  in  the  Army  of  the  United  States  in  World  War  II. 
An  Epidemloloslcnl  Study  With  an  Evaluation  of  X-ray  Screening.  V.\  Medical  Monograph.  AVash- 
ington  :  U.S.  Government  Printing  Office,  1  May  1955. 

I’ostwar  epidemiological  and  statistical  study  based  on  adequate  sampling  of  men  discharged 
with  and  witlioiit  tuberculosis  disclosed  that  approximately  half  of  the  men  discharged  for  tuber¬ 
culosis  had  the  disease  in  roentgenologlcally  detectable  form  at  the  time  of  acceptance  for  service, 
the  lesions  having  been  overlooked  through  induction  station  errors.  There  was  reason  to  believe 
that  of  the  other  half  a  part  represented  new  infections  acquired  in  army  service  and  a  part  the 
breakdown  of  old  lesions  not  detectable  by  X-ray  examination.  Since  routine  tuberculin  tests  were 
not  made  at  the  time  of  Induction,  It  was  impossible  to  distinguish  between  these  two  groups.  This 
study.  In  which  all  the  films  were  read  independently  l)y  two  roentgenologists,  with  subsequent 
checking  by  two  others,  also  disclosed  a  signitlcant  degree  of  fallibility  in  single  chest  X-ray  inter¬ 
pretations,  Not  only  did  the  two  roentgenologists  fall  frequently  to  agree  with  each  other,  but  in 
numerous  cases  they  also  failed  to  agree  with  themselves  on  reading  the  same  films  after  an  interval 
of  a  few  months.  It  is  now  recognized  that  such  discrepancy  is  general  experience.  The  paper  cites 
other  reports  in  which  simiiar  iack  of  agreement  was  recorded.  (See  also  Long,  E.  R.,  Stein,  S.  C., 
and  Henderson,  11.  J. :  Experiences  With  Dual  Reading  of  Chest  Photoroentgenograms.  U.S.  Armed 
Forces  M.J.  7  :  493-515,  April  1956.)  In  the  latter  study,  actual  trial  was  made  of  dual  reading 
in  three  Armed  Forces  examining  stations.  Comparison  of  the  readings  by  the  roentgenologist  of 
the  station  of  origin  of  the  films  and  the  roentgenologist  of  another  station  showed  considerable 
disagreement  in  interpretation. 
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In  addition,  a  good  many  cases  were  discovered  in  the  course  of  routine 
X-ray  examinations.  Xot  a  few  were  found  in  men  applying  for  admission 
to  officer  candidate  schools  or  for  a  commission  at  the  termination  of  study 
in  these  schools.  Many  were  found  also  in  routine  examinations  for  sj)ecial 
service,  particularly  in  tlie  Army  Air  Forces,  where  many  men  were  reexam¬ 
ined. 

Moreover,  tuberculosis  was  sometimes  discovered  incidentally  to  other 
illness  requiring  roentgenographic  study.  In  the  course  of  the  long  series 
of  epidemics  of  atypical  pneumonia  that  occurred  during  World  War  II, 
vast  numbers  of  roentgenograms  were  made  of  the  chests  of  men  with  the 
symptoms  of  pneumonia.  Not  infrequently,  shadows  in  the  lung  fields  per¬ 
sisted  after  clearing  of  the  consolidation  due  to  pneumonia  and  were  shown 
by  subsequent  examination  to  represent  tuberculous  infiltration.  A  high 
percentage  of  these  infiltrations  were  found  to  be  well-scarred  lesions,  but 
in  an  appreciable  number  the  process  proved  to  represent  active  tubercu¬ 
losis,  requiring  continued  hospitalization. 

INCIDENCE  AND  DISCHARGE  RATES 

Incidence  rates. — The  average  incidence  rate  in  the  First  World  War, 
approximately  12  cases  of  tuberculosis  per  1,000  men  per  annum  for  the 
years  1917  and  1918,  was  ten  times  that  for  World  War  II,  which  averaged 
1.2  per  1,000  per  annum  between  Pearl  Harbor  Day  (7  December  1941)  and 
V-J  Day  (14  August  1945).  (See  chart  17.)  Nevertheless,  in  spite  of 
better  diagnostic  facilities  and  techniques  in  the  second  great  conflict,  from 
10  to  15  men  with  active  disease  |)er  10,000  acce])ted  escaped  detection  in 
induction  stations  and  were  taken  into  the  Army.^-  Moreover,  about  a  mil¬ 
lion  men  in  World  War  II  were  inducted  into  the  Army  before  roentgeno¬ 
grams  of  the  chest  were  a  routine  requirement. 

There  is  reason  to  believe  that  in  each  war  a  high  percentage  of  the 
missed  cases  were  discovered  within  a  few  months  after  induction.  As  a 
rule,  although  not  invariably,  symptoms  soon  became  evident  in  advanced 
disease,  leading  to  report  at  sick  call,  hospitalization,  and  diagnosis.  This 
not  greatly  belated  recognition  of  tuberculosis  in  recently  inducted  men  is 
believed  to  account  for  a  peculiarity  common  to  the  admission  rate  curves 
of  the  two  wars.  In  the  late  months  of  1917  and  early  months  of  1918,  the 
rate  of  admission  to  hospital  was  excessive  as  compared  with  that  for  the 
last  half  of  1918.  A  similar  phenomenon  occurred  in  the  last  half  of  1941 
and  first  half  of  1942.  It  is  believed  that  in  each  war  imperfections  in 
screening  procedure  were  greater  and  more  frequent  at  the  outset  than  later 
in  the  course  of  mobilization  and  that  an  excessive  number  of  men  with  dis¬ 
ease  that  would  soon  become  obvious  were  inducted  at  that  time. 

12  Long.  E.  R.,  and  Stearns,  W.  H. ;  Tbyslcal  Examination  at  Induction.  Standards  With  Re¬ 
spect  to  Tuberculosis  and  Their  Application  as  Illustrated  by  a  Review  of  53,400  X-ray  Films  of 
Men  in  the  Army  of  the  United  States,  Radiology  41 :  144-150,  August  1943. 
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A  second  characteristic  of  tlie  two  curies  is  a  terminal  rise.  This  rise 
represents  disco vei-y  of  cases  on  demobilization  and  is  in  part  factitious.  A 
number  of  cases  p  r  thousand  tliat  greatly  exceeded  the  previous  monthly 
average  were  discovered  in  the  course  of  the  physical  examinations  at  dis¬ 
charge,  which  in  World  War  II  were  as  thorough  as  the  induction  examina¬ 
tions  and  included  routine  roentgenograms  of  the  chest.  The  increased 

CuxBT  17. — Incidence  of  tuberculoiia  in  ihe  U.S.  Army  in  the  continental  United  States, 

World  Ifar  I  *  and  World  War  II 

(Rate  expressed  as  number  of  cases  i>er  annum  per  1,000  average  strength] 
e»T£ 


Source;  World  War  I — The  Medical  Department  of  the  United  States  Army  in  the  World  War. 
WnshiiiRton ;  Government  Printing  Office,  1925,  vol.  XV,  pt.  2.  World  War  II — Preliminary  data 
based  on  periodic  summary  health  reports.  Office  of  the  Surgeon  General. 


rate  was  artificially  high  because  the  strength  of  the  Army  from  which  it 
was  calculated  in  accordance  with  conventional  practice  was  continuously 
decreasing  in  size  as  a  result  of  the  process  of  demobilization. 

The  admission  rate  was  remarkable  for  its  relative  constancy  over  a 
period  of  3  years  from  mid-1942  to  mid'1945,  inclusive.  The  rate  of  about 
1  case  per  1,000  troops  per  annum  reflects  the  number  of  cases  missed  at 
induction  stations,  plus  the  number  that  developed  from  new  infections 
during  service  in  the  Army.  At  the  close  of  World  War  II,  the  necessary 
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research  to  determine  the  amount  of  previously  existent  but  unrecognized 
tuberculosis,  as  compared  with  that  developing  in  the  absence  of  previously 
detectable  disease,  had  not  been  accomplished. 

The  admission  rates  for  the  continental  United  States  (chart  18)  were 
higher  than  those  for  oversea  theaters.  This  difference  during  the  war 
might  be  attributed  to  the  additional  screening  of  troops  through  the  rigors 

Chabt  18. — Incidence  of  tuberculosis  among  U.S.  Army  troops  in  the  United  States  and 
overseas,  January  1942  to  June  1946,  inclusive 


[Preliniimiry  data  baaed  on  periodic  aumuiury  health  reporta] 

[Rate  expreaaed  aa  number  of  eaaes  |K‘r  annum  per  1,000  average  atrength] 

SATE 


1942  1943  1944  1945  JAN-JUNE 

.946 


of  basic  training  in  the  United  States.  The  months  of  physically  strenuous 
service,  with  daily  sick  call,  and  the  frequent  medical  examinations  for  pro¬ 
motion  or  special  service  brought  to  light  many  men  with  tuberculosis,  who 
were  accordingly  excluded  from  oversea  assignment.  Still  more  would  have 
been  excluded  had  it  been  possible  to  examine  by  X-ray  all  men  leaving 
for  foreign  service.  This  was  impossible  because  of  limitations  both  of  time 
and  personnel,  although  there  was  a  reasonably  effective  inspection  before 
departure,  and  roentgenograms  of  the  chest  were  made  in  individual  cases 
whenever  indicated  by  symptoms. 

To  the  factors  favoring  the  lower  admission  rates  overseas,  there  existed 
a  counterforce.  In  every  theater  of  operations,  the  incidence  of  tuberculosis 
in  the  gei.eral  population  was  higher  than  in  the  United  States.  There  is 
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reason  to  believe  tliat  this  liigher  exposure  was  a  significant  factor  before 
the  end  of  the  war.  Of  men  retained  at  separation  centers  in  the  late  montlis 
of  1945  and  the  fiist  half  of  1946  because  of  X-ray  evidence  of  tuberculosis, 
a  significantly  large  majority  had  seen  foreign  service.  This  correlation  is 
indicated  graphically  in  chart  19  and  is  in  marked  contrast  to  the  rates 
recorded  for  troops  overseas  and  in  the  United  States  while  at  their  respec¬ 
tive  stations.  Until  exhaustive  research  determines  the  origin  of  the  lesions 


Chart  19. — Withdrawals  from  separation  processing  for  pulmonary  tuberculosis^  in 
U.S.  Army  separation  centers,  July  19^5  to  August  1940 


[Kate  expressed  as  uiiiiiber  of  withdrawals  per  1,000  processed] 


1945  1946 

1  Some  cases  withdrawn  for  suspected  pulmonary  tuberculosis,  not  later  confirmed  by  further 
examinailon.  are  Included.  Not  included  are  cases  withdrawn  as  "other  defects  of  lungs  and  pleura” 
and  later  found  to  be  pulmonary  tuberculosis. 


concerned,  consideration  will  have  to  be  given  to  two  possibilities:  (1)  The 
higher  rate  of  apparent  tuberculosis  in  men  on  their  return  from  foreign 
duty  was  the  result  of  late  development  of  lesions  acquired  during  Army 
service  overseas,  and  (2)  the  relatively  low  rate  during  foreign  service  was 
due  to  a  less  effective  case-finding  program  overseas,  leaving  many  cases  for 
discovery  at  separation  centers.  The  latter  explanation  would  seem  not  im¬ 
plausible,  in  view  of  the  superior  facilities  and  more  stable  conditions  in  the 
United  States.  As  with  other  complex  problems,  it  is  probable  that  each 
of  the  factors  named  was  in  part  responsible  for  the  observed  discrepancy 

13  Long,  B.  K.,  and  Hamilton,  E.  I..:  A  Reriew  of  Induction  and  Discharge  Examinations  for 
Tuberculosis  in  the  Army.  .\m.  .T.  I’ub.  Health  .37  :  412-420,  April  1947. 
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Discharges  from  service. — ^With  minor  fluctuations,  the  discharge  rate 
for  tuberculosis  ran  parallel  to  the  admission  rate  throughout  the  war,  aver¬ 
aging  approximately  two-thirds  of  the  latter  (chart  20).  The  other  one- 
third  comprised  patients  hospitalized  for  care  and  study,  whose  tuberculosis 
proved  not  to  be  active. 

Physical  standards  governing  discharge  from  service  by  reason  of  tu¬ 
berculosis  are  discussed  in  another  volume  of  '  I'i'^tory  of  the  Medical 
Department  in  World  War  II.*^  The  genera  is  discharge  of  all 

Chaut  20. — Disability  discharges  for  tuberculosis  among  enlisted  men  in  the  U.8.  Army, 

J942-45 

[Kate  oxprossed  as  number  of  discharges  per  annum  per  1,000  troops] 


ATE 


men  with  active  tuberculosis,  -with  the  exception  of  oflicers  when  there  was 
reasonable  likelihood  that  the  disease  could  be  thoroughly  arrested  under 
treatment  and  the  officer  assigned  to  duty  of  a  tyj)e  for  which  he  was  fitted 
by  training  and  capacity.  As  a  rule,  discharge  was  not  granted  for  inactive 
tuberculosis.  Plxception  was  made  for  lesions  of  proved  activity  within  the 
period  of  military  service  and  for  lesions  of  such  extent  that  breakdown  was 
considered  likely  even  though  no  signs  or  symptoms  of  activity  were  detected 
within  the  period  of  medical  observation  in  the  Army. 

Of  the  several  fluctuations  in  the  rate  of  discharge,  the  only  one  of 
significance,  in  relation  to  the  general  admission  rate  for  tuberculosis,  oc- 


14  See  footnote  .I,  p.  331. 
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curred  in  1943.  At  tliat  time,  a  change  in  administrative  policy  (War  De¬ 
partment  Circular  No.  161,  14  July  1943)  brought  about  a  sudden  mass  dis¬ 
charge  for  disability  of  a  large  number  of  men  classified  as  limited  service. 
These  men  did  not  meet  current  mental  and  physical  standards  for  induction 
although  at  some  previous  period  they  had  passed  a  pre  induction  physical 
examination.  Tuberculosis  was  not  an  official  cause  for  limited  service  in 
enlisted  men,  but  it  is  believed  that  a  good  many  borderline  cases  that  had 
constituted  a  problem  as  to  disposition  were  discharged  from  service  during 
the  operation  of  this  circular,  which  “brought  about  some  relaxation  in  the 
general  policy  of  granting  CDD’s  [certificates  of  disability  for  discharge] 
during  that  period.”  This  policy  was  modified  (War  Department  Circular 
No.  293,  11  November  1943)  by  prohibiting  the  discharge  for  physical  rea¬ 
sons  of  enlisted  men  who,  although  incapable  of  serving  in  a  physically 
exacting  position,  might  render  useful  service  in  a  less  exacting  one. 

The  total  number  of  enlisted  personnel  discharged  from  the  Army  for 
tuberculosis  in  the  years  1942-45  was  15,387.  These  were  divided  as  fol¬ 
lows  : 


Year  Number 

1942  _ 2,400 

1943  _  4,643 

1944  _  3,533 

1945  _  4,811 


Total  _ 15,387 

The  disease,  as  previously  noted  (p.  332),  accounted  for  an  average  of  1.9 
percent  of  all  discharges  for  disability  from  disease,  and  was  in  13th  posi¬ 
tion  in  the  listing  of  causes  of  disability  discharge,  the  rate  being  exceeded, 
in  numerical  order,  by  psychoneurosis,  musculoskeletal  defects,  psychosis, 
gastric  and  duodenal  ulcers,  respiratory  diseases,  arthritis,  defects  of  the 
feet,  neurological  disease,  ear  disease,  eye  disease,  organic  cardiovascular 
disease,  and  genitourinaiT  diseases. 

Enlisted  i)ersonnel  discharged  from  the  Army  because  of  tuberculosis 
were  transferred  to  the  Veterans’  Adml  istration  for  further  treatment  if 
still  in  need  of  medical  care,  or  to  their  own  care  if  no  longer  in  need  of 
medical  therapy. 


Part  II.  Occurrence  in  Oversea  Areas 


EUROPEAN  THEATER  OF  OPERATIONS 

Incidence  rates. — The  incidence  rate  of  tuberculosis  in  troops  in  the 
European  Theater  of  Operations,  U.S.  Army,  for  the  years  1942  to  1945, 
inclusive,  was  less  than  in  troops  in  the  continental  United  States,  as  a  result 
of  factors  that  have  been  described  for  the  Army  as  a  whole  (p.  336) . 


15  See  footnote  7,  p.  332. 
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Some  men  had  entered  the  Army  with  undiscovered  lesions,  but  many 
of  these  were  detected  before  assignment  overseas.  Subsequent  study,  liow- 
ever,  indicated  that  tlie  relatively  low  rate  in  oversea  theaters  could  not  be 
ascribed  solely  to  the  exclusion  of  cases  discovered  during  basic  training, 
during  special  training,  or  incidentally  to  other  illness.  The  rate  of  discov¬ 
ery  at  separation  centers  in  1945  and  1946  in  troops  w’ith  foreign  service  was 
signifu'antly  higher  than  in  those  who  had  served  only  in  the  continental 
United  States.  It  does  not  appear  that  this  discrepancy  was  due  entirely 
to  new  infections  acquired  overseas,  but,  as  has  been  noted,  there  is  reason 
to  believe  that  case-finding  procedures  were  more  effective  in  medical  instal¬ 
lations  in  the  Zone  of  Interior,  which  were  relatively  stable  in  location  and 
personnel,  than  in  installations  subject  to  all  the  vicissitudes  of  conflict.^* 
Lt.  Col.  (later  Col.)  Theodore  L.  Badger,  MC,  Senior  Consultant  in 
Tuberculosis,  European  theater,  reported  a  relatively  low  rate  for  all  forms 
of  tuberculosis  in  the  theater,  compared  with  that  in  the  Zone  of  Interior.” 
Incidence  rates  for  troops  in  the  European  theater  during  1942-45  and  cor¬ 
responding  rates  for  troops  in  the  continental  United  States  are  presented 
in  table  47  for  comparison. 


Table  47. — Incidence  rates  for  tuberculosis  in  the  Army  in  the  European  theater  of  oper~ 
ations  and  in  the  continental  United  States,  1942-45 

(Data  l)a.<so<l  o  ,  sample  tabulations  of  individual  medical  reconis) 

[Rate  expressed  as  number  of  cases  per  annum  per  1,000  average  strength) 


Area 


Year  of  admission 


m2  1943  1944  1945 


Europe _ 

Continental  United  States 


0.  70  ;  0.  77  j  0.  85  1. 03 

I.  86  I  1.  27  I  .  97  j  2.  13 


The  admission  rate  to  a  considerable  extent  reflects  hospitalization  of 
men  reporting  symptoms  at  sick  call.  X-ray  surveys  of  unsclected  groups  of 
supposedly  healthy  men,  as  a  rule,  reveal  lesions  in  an  early  form  that  might 
not  be  expected  to  show  symptoms  for  months.  Such  surveys  were  carried 
out  under  Colonel  Badger’s  diiection  in  England  in  1943,  on  a  total  of  7,243 
men.  Seven  cases  of  active  tuberculosis  were  found,  or  0.97  per  1,000  men 
examined.  Ninety-one  cases  were  discovered  with  small  scarred  lesions  that 
appeared  to  be  of  no  clinical  significance;  it  may  be  assumed  that  a  large 
proportion  of  them  were  within  the  group  of  healed  lesions  specified  in 
Mobilization  Regulations  No.  1-9, 31  August  1940,  as  acceptable  after  a  period 
of  deferment  and  subsequent  revaluation. 

16  See  footnote  10,  p.  ;?.32. 

17  Semiannual  Report,  Senior  Consultant  in  Tuberculosis,  Office  of  the  Chief  Surgeon,  Headquar¬ 
ters,  European  Theater  of  Operations,  U.S.  Army,  1  Jan.  1945  to  .30  June  1945. 
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Another  survey,  reported  in  1945,  is  of  interest  for  comparison.^*  Chest 
roent«;enoj;rams  of  officer  candidates  at  the  Army  Ground  Forces  Officers' 
Training  Center,  near  Fontainebleau,  France,  carried  out  in  April  1945  by 
Mobile  X-ray  Team  No.  3  of  the  1st  Auxiliary  Surgical  Group  under  the 
direction  of  1st  Lt.  (later  Capt.)  Harry  W.  Burnett,  Jr.,  MC,  brought  to 
light  only  2  cases  of  active  tuberculosis  and  2  cases  of  healed  infiltrative 
tuberculosis  among  5,240  men  examined.  This  yielded  the  low  rate  of  0.38 
per  1,000  men  each  for  active  and  healed  tuberculosis,  and  a  combined  rate 
of  0.7f).  This  group  cannot  be  considered  as  fully  repi’esentative  of  the 
enlisted  men  in  the  theater,  for  it  was  made  up  of  selected  men  who  had 
been  sent  to  the  officers’  candidate  school  after  field  demonstration  of  su¬ 
perior  mental  and  physical  fitness. 

Another  survey  on  a  selected  group  was  that  made  by  the  365th  Station 
Hospital.  In  a  rep.'»”t  covering  2  years,  from  April  1942  to  May  1944,  while 
this  hospital  was  stationed  in  Iceland,  the  section  for  respiratory  disease 
made  chest  roentgenograms  of  2,897  men  from  detachments  of  troops  en 
route  to  the  European  theater  from  the  United  States.  The  commonest  dis¬ 
ease  in  these  men  was  atypical  pneumonia.  Among  the  total  number  exam¬ 
ined,  however,  there  were  38  cases  of  infiltrative  active  tuberculosis  and  10 
cases  of  pleurisy  with  effusion  of  presumed  tuberculous  etiology.  In  passing, 
it  may  be  noted  that  this  relative  proportion  of  cases  of  pleurisy  with,  effu¬ 
sion  to  infiltrative  tuberculosis  was  observed  generally  throughout  the  Army. 
The  high  proporion  of  active  tuberculosis,  namely,  1.7  percent,  is  not  sur¬ 
prising  in  a  group  admitted  to  a  hospital  on  the  basis  of  respiratory  symp¬ 
toms.  In  the  course  of  the  survey,  24  cases  of  healed  infiltrative  tuberculosis 
were  seen,  yielding  a  rate  not  greatly  different  from  that  reported  for  the 
theater  by  the  Senior  Consultant  in  Tuberculosis. 

Disposition  of  tuberculous  patients, — ^The  disposition  of  personnel  dis¬ 
covered  to  have  tuberculosis  was  based  on  the  extent  and  severity  of  the 
lesion.  An  administrative  memoruii  lum,  of  22  February  1944,^®  directed 
that  all  patients  with  active  pulmonary  tuberculosis  or  with  large  inactive 
fibroid  lesions  the  stability  of  which  was  open  to  question,  that  all  patients 
with  serofibrinous  pleuritis  of  known  or  suspected  tuberculosis  etiology,  and 
that  all  patients  with  nonpuhnonary  tuberculosis  should  be  “boarded”  to  the 
Zone  of  Interior. 

Personnel  with  residual  calcifications  of  healed  primary  tuberculosis  or 
small  fibrocalcific  scars  of  infiltrative  tuberculosis,  apparently  inactive,  were 
returned  co  duty.  Provision  for  limited  duty  and  observation  was  made  for 
borderline  cases.  The  directive  listed  the  tests  commonly  made  to  determine 
activity,  including  laboratory  study  and  observation  by  X-ray,  and  ordered 

18  See  footnote  17,  p.  a40, 

19  Administrative  Memorandum  No.  22,  Office  of  the  Chief  SurReon,  European  Theater  of  Opera¬ 
tions,  to  Stirpeons,  All  Base  Sections,  Commanding;  Officers.  .\U  U.S.  Army  Ho.spitals,  22  Feb.  1944, 
subject :  Disposition  of  Tuberculosis  Patients. 
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that  “individuals  presenting  an  undue  risk  of  reactivation*’  be  evacuated  to  the 
United  States. 

The  Euro|)ean  theater,  unlike  the  Mediterranean  Theater  of  0|)t‘rations. 
U.S.  Army,  had  no  hospitals  formally  establishetl  as  tuberculosis  centei-s 
(p.  354).  Patients  with  tuberculosis  were  treated  in  sihhmuI  sections  of  many 
haspitals,  with  established  precautions  to  avoid  exposure  of  hospital  jwrson- 
nel  and  other  patients.  Circular  Ijetter  No.  100,  Office  of  the  Chief  Surgeon, 
European  theater,  dated  25  July  1944,  directed  that  “active  pulmonary  tu¬ 
berculosis,  however  small  the  lesion,  will  be  treated  by  absolute  bed  rest  as 
soon  as  the  diagnosis  has  been  made.”  It  was  directed  also  that  cases  of 
serofibrinous  pleurisy  of  presumptively  tuberculosis  etiology,  should  be 
treated  by  bed  rest  until  at  least  2  months  had  elapsed  after  return  of  pulse 
and  temperature  to  normal.  Pneumothorax  was  used  only  for  emergency 
cases  of  pulmonary  tuberculosis  with  hemorrhage  and  for  Cixses  of  such  char¬ 
acter  that  safe  transport  to  the  Zone  of  Interior  appeared  dei)endent  on  the 
establisliment  of  collapse  prior  to  evacuation.  Finally,  it  was  directed  that 
“all  cases  of  active  tuberculosis  *  *  *  including  serofibrinous  pleurisy,  will 
be  boarded  to  the  Zone  of  Interior  in  Class  II,  as  litter  patients.”  Evacu¬ 
ation  was  by  sea  and  by  air.  Air  transportation  was  prohibited  in  pneumo¬ 
thorax  cases  and  for  certain  other  patients  with  pulmonary  tuberculosis  by 
Circular  Letter  No.  102,  Office  of  the  Chief  Surgeon,  European  theater,  4 
August  1944.  Air  transportation  was  authorized  for  patients  with  early 
tuberculosis  not  sufficiently  advanced  to  disturb  respiratory  function. 

Incidence  in  nurses. — Many  papers  have  been  written  on  the  special  haz¬ 
ards  of  tuberculosis  to  nurses,  usually  ascribing  it  to  exposure  to  the  unrec¬ 
ognized  open  case.  According  to  most  recent  reports,  the  incidence  in  nurses 
is  higher  in  general  hospitals  than  in  institutions  for  tuberculosis.  The  ex¬ 
planation  usually  given  is  that  in  the  latter  the  hazard  is  recognized  and 
proper  precautions  are  taken.  In  general  hospitals  that  have  no  special 
section  for  the  care  of  tuberculous  patients,  undetected  cases  admitted  to  the 
wards  may  constitute  a  significant,  unguarded  source  for  spread  of  the 
disease. 

The  semiaii  lual  report  of  th«-  -pni<  consultant  in  tuberculosis  in  the 
European  theater,  dated  3  July  194. >.  called  attention  to  an  excessive  and 
steadily  rising  prevalence  of  tuberculosis,  all  forms,  in  nurses  for  the  31/2 
years  of  tl;e  war.  The  rates,  calculated  from  reports  from  the  chief  nurse 
of  the  theater,  us  given  by  the  senior  consultant,  are  presented  in  table  48. 

The  mean  late  for  the  3%  years  was  3.8  times  as  high  as  the  general 
tuberculosis  admission  rate  for  troops  in  the  theater.  The  report  indicated 
that  19  nui'ses  ileveloped  pleurisy  with  efftisioti  of  presumptive  tul)erculous 
origin,  and  in  3  nurses  other  forms  of  active  tuberculosis  were  found.  The 
pleurisy  with  effusion  accounted  for  about  26  percent  of  the  total  number 
of  cases  of  tuberculosis,  a  figure  holding  throughout  the  Army. 
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TABLfi  48. — Prevalence  of  tuberculosis,  all  forms,  in  U.S.  Army  nurses  in  the  European  theater, 

1942-45 

[Rate  expressed  as  number  u(  cases  per  annum  per  1,000  average  strength] 


Year 

1 

Number 

or 

cases 

1 

strength  > 

Rate 

1942 _ _ _ _ 

i 

0 

5,832 
24,  824 
133,  723 
87,004 

0.  00 

1943 _  _ _ _ 

4 

1.  93 

1944 _ _ _ _ 

30 

2.  69 

1945* . . . . . . . 

38 

5.  24 

■  Aggre^te  of  end-of-month  strengths. 
*  First  S,months  only. 


Colonel  Badger,  in  analyzing  the  responsible  factors,  called  attention 
to  the  carelessness  in  technique  that  develops  in  times  of  strain  and  stressed 
the  failure  of  medical  officers  to  maintain  proper  measures  designed  to  pre¬ 
vent  spread  of  the  disease  in  hospitals.  He  instituted  special  control  meas¬ 
ures  in  those  hospitals  in  which  the  greatest  amount  of  open  disease  was 
encountered;  namely,  the  Army  hospitals  in  France  that  cared  for  large 
numbers  of  recovered  Allied  military  personnel  liberated  from  German 
prison  camps  by  the  advancing  American  Army  in  the  Saar  and  Rhine  re¬ 
gions. 

After  the  close  of  hostilities  in  Europe,  when  it  was  expected  that  large 
numbers  of  troops  would  be  deployed  to  the  Orient,  specific  directions  were 
issued  to  make  routine  X-ray  examination  of  all  nurses  and  other  Medical 
Department  personnel  prior  to  their  departure.^®  It  was  impracticable  to 
survey  all  personnel  to  be  redeployed,  but  the  special  hazard  of  tuberculosis 
to  personnel  of  the  Medical  Department,  and  particularly  nurses,  warranted 
special  consideration.  A  few  weeks  later,  the  Japanese  surrendered,  rede¬ 
ployment  to  the  Pacific  areas  was  stopped,  and  special  measures  for  the 
detection  of  tuberculosis  were  discontinued. 

Incidence  in  Army  Air  Forces  personnel. — Except  at  the  beginning  of 
World  War  II,  enlisted  and  commissioned  personnel  in  the  Army  Air  Forces 
were  accepted  for  enlisted  services  or  appointment  as  officers  in  the  same 
manner  as  Army  Ground  Forces  and  Army  Service  Forces  troops;  that  is, 
through  regular  induction  stations,  stations  for  enlistment,  and  stations  qual¬ 
ified  to  give  final-type  physical  examinations.  In  the  early  months  of  the 
war,  the  demand  for  air  force  personnel  was  so  great  that  aviation  cadets 
and  others  were  frequently  accepted  on  the  basis  of  a  physical  examination 
that  did  not  include  roentgenograms  of  the  chest,  with  the  proviso  that 
X-ray  examination  was  to  be  made  at  the  first  duty  station  where  it  was 
practicable.  The  delayed  X-ray  examination  was  effective  in  discovering 

20  Circular  Letter  No.  60,  Office  of  the  Theater  Chief  Surgeon,  Headquarters,  Theater  Service 
Forces,  European  Theater,  2  Aug.  1945. 
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cases  but  ha«l  the  disailvantafre,  from  the  point  of  view  of  ;rovernmental 
oblipition,  that  tl>e  men  discovered  were  in  the  Army  and  \isually  elijLrihle 
for  com|)ensation.  Later,  this  unusually  rapi<l  prcKvssiiif;  was  dist-oni inued, 
and  prospective  tnM)ps  for  the  air  forces  were  examiiuMl  like  selwtive  service 
registrants  in  {reneral. 

f’areful  followup  studies  indicated  a  low  incidence  of  tulKU'culosis  after 
months  or  yeai-s  of  service  in  the  Army  Air  Forces.  A  repres(*ntat ive  survey 
on  77,010  troops  of  the  V.S.  Army  Air  Forces  made  in  Fn^land.  in  Si*ptem- 
l)er  ll)4r»,  with  the  aid  of  two  mobile  trailer  Ilo  mm.  photoroentjreu  units, 
hrotijrht  to  li/^ht  only  70  cases  of  tulHun-ulosis  considered  active  (.*>  of  pri¬ 
mary  and  O.'i  of  reinfection  type),  or  1  person  in  every  l.lOt)  examined.  Of 
the  0.‘>  cases  of  reinfection  typt‘,  4  were  far  advanced,  10  mo<lerately  ad- 
vance<l,  and  51  minimal.-'  The  "roup,  which  was  almost  exclusively  male, 
and  compos«>d  of  14  |H‘rcent  flyinjr  ami  HO  percent  nonflyinp  personnel,  was 
carefully  examined  to  determine  if  there  was  any  relation  Ixdween  develop¬ 
ment  of  diseast>  and  length  ami  tyiM‘  of  service.  The,  evitlence  of  the  disease 
discovered  in  flyinjj;  persoimel  was  sifrnificantly  lower  than  in  nonflyinj;  iM‘r- 
sonnel,  a  fact  attributed  to  the  more  metiodous  and  often  rei>eated  ])hysical 
and  roent"eno"raphic  examination  of  the  former.  The  iucitlence  was 
greater  than  average  in  men  who  had  not  Inul  an  X-ray  Hlin  on  entrance, 
or  had  served  a  longer  than  average  |)eriod  of  time  without  a  second  or  later 
film.  These  findings  are  as  might  l>e  expected  in  view  of  the  usual  slow 
and  insidious  development  of  tulx‘rcu!osis. 

A  study  showed  that  a  greater  number  of  men  who  had  consumed  raw 
milk  in  England  were  among  the  troops  with  active  disease  than  in  those 
without  disea.se,  hut  the  finding  was  Ixilieved  related  to  the  length  of  service 
rather  than  merely  to  the  ingestion  of  (he  milk.  The  earlier  a  soldier  ar¬ 
rived,  the  longer  he  stayed,  and  the  l)e(ter  acquainted  he  l)ecame  with  the 
civilian  population,  the  more  likely  he  was  to  consume  raw  milk.  Vigorous 
efforts  were  made  by  all  those  responsible  for  the.  health  of  troops  to  prevent 
consumption  of  raw  milk  in  the  British  Isles,  in  view  of  its  fmjuent  con¬ 
tamination  with  tul)ercle  bacilli.  It  was  not  served  in  army  messes  nor,  after 
an  initial  laxity,  in  Red  Cross  canteens  (p.  3(>8). 

On  the  whole,  the  Army  Air  Forces  exhibited  a  gratifyingly  low  inci¬ 
dence  of  tul)erculosis  and,  at  the  same  time,  disproved  the  view’  occasionally 
expressed  that  flying  service  preclisposes  to  the  development  of  active  disease. 

Incidence  in  recovered  American  prisoners  of  war. — When  large  num¬ 
bers  of  American  soldiers  w'ere  recovered  from  German  prison  camps  in  the 
spring  of  15)45,  it  w’as  no  great  stirprise  to  medical  officers  to  find  an  inci¬ 
dence  of  tuberculosis  apparently  surpassing  the  average  incidence  in  the 
Army  as  a  whole.  Unfortunately,  no  reliable  figures  for  tuberculosis  in  the 
thousands  of  recovere<l  prisoners  are  available.  War  Department  orders 

Wayburn.  E. :  Mass  Miniature  RacUoRrapby.  A  Survey  In  the  United  Statea  Army  Air  Forces. 
Am.  Rev.  Tuberc.  .'54 :  527-540,  December  1046. 
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to  make  roentgenograms  of  all  recovered  prisoners  before  their  return  to 
the  United  States  were  in  effect  at  the  time,  but  an  acute  shortage  of  X-ray 
Him  and  stringent  measui’es  to  conserve  it  nullified  the  effect  of  the  orders. 
Figures  for  the  large  group  processed  at  Lucky  Strike  Camp  and  other 
camps  near  Le  Havre  are  available  only  for  those  who  were  hospitalized. 
Even  though  hospitalization  was  not  for  respiratory  disease  alone  it  is  fair 
to  assume  that  a  higher  rate  would  be  found  than  in  a  population  not  in 
obvious  need  of  hospitalization.  The  majority  of  recovered  prisoners  who 
were  hospitalized  suffered  from  severe  malnutrition.  A  number  had  infec¬ 
tious  hepatitis,  and  acute  respiratory  disease  was  common. 

In  his  semiannual  report  of  3  July  1945,  the  senior  consultant  in  tuber¬ 
culosis  in  the  theater  reported  the  incidence  of  tuberculosis  in  2,750  recov¬ 
ered  American  prisoners  hospitalized  at  the  77th  Field  Hospital,  Lucky 
Strike  Camp,  as  follows: 

y  umber  Rate 
of  per  1,000 
easee  per  year 

Minimal  tuberculosis _  6  2.2 

Advance<l  tuberculosis  _  6  2.2 

Pleural  effusion  _ 9  3.3 

Total  _ 21  7.6 

The  rate  found  for  all  forms  of  active  tuberculosis  was  thus  several 
times  the  rate  of  approximately  1  case  per  1,000  men  prevailing  in  the 
Army  as  a  whole.  It  is  interesting  to  note  that  the  incidence  of  pleural 
effusion,  namely,  43  percent  of  the  total,  was  higher  than  the  usual  average 
of  20  to  25  percent  observed  in  hospitalized  troops  in  the  European  theater 
and  in  the  continental  United  States. 

In  the  lack  of  exact  studies  on  recovered  prisoners,  analysis  of  the  rea¬ 
son  for  higher  rates  is  speculative.  Colonel  Badger  stressed  as  predisposing 
factors  malnutrition  and  exposure  to  an  environment  with  greater  potenti¬ 
ality  for  spread  of  tubercle  bacilli.  Malnutrition  is  believed  to  be  a  factor 
in  the  reactivation  of  small  arrested  lesions,  which,  as  noted  in  various  sur¬ 
veys,  were  present  in  approximately  1  percent  of  troops.  Excessive  exposure 
to  tuberculosis,  if  it  occurred,  was  not  direct.  Recovered  American  military 
personnel  were  not  quartered  with  other  nationals,  except  in  some  instances 
where  they  shared  barracks  with  British  prisoners,  but  frequently,  in  the 
migration  from  camp  to  camp,  as  the  senior  consultant  in  tuberculosis 
pointed  out  in  his  report,  they  lived  in  dirty  quarters,  grossly  contaminated 
by  previous  occupants,  many  of  whom  may  have  had  tuberculosis. 

At  the  time  of  writing,  no  significant  new  facts  had  emerged  from  fol¬ 
lowup  studies  in  the  United  States.--  Former  prisoners  of  war  were  reproc- 

23  The  study  made  by  Long  and  Jablon  disclosed  that  a  significant  excess  of  tuberculosis  over 
the  incidence  for  the  Army  as  a  whole  occurred  in  recovered  prisoners  of  war.  The  risk  for  white 
prisoners,  chiefly  captives  of  the  Germans  in  this  stud.v,  was  three  and  a  half  times  as  great  as  for 
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esst'd  at  Army  (irouml  aiul  Army  Servire  Forrrs  Ixedistrihution  (Vnt4*i’s,  and 
X-ray  examination  was  usually  includetl  in  the  routine  physical  examination. 
The  largest  single  survey  reported  to  the  Office  of  the  Surgeon  General  was 
from  the  Army  Ground  Forces  Redistribution  Station  in  Asheville,  N.C.  Ten 
cases  diagnosed  as  tulxu’culosis  were  found  in  prisoners  of  war.  a  rate  of 
approximately  5  per  1,000.  All  of  the  men  concerne*!  were  hospitalized  and 
not  all  cases  were  of  proved  activity,  so  that  the  rate  of  active  tuberculosis 
was  lower.  On  the  other  hand,  it  must  be  recognized  that  the  group  examined 
by  X-ray  was  to  some  extent  an  already  screened  group,  from  which  men 
obviously  ill  had  been  removed. 

In  summary,  it  appeal's  reasonable  to  conclude  from  the  evidence  that 
the  incidence  of  tuberculosis  did  rise  in  men  who  had  been  prisoners  of  war 
in  the  European  theater,  to  as  much  as  tive  to  .seven  times  the  rate  prevalent 
in  the  rest  of  the  Army  (p.  31)1). 

Incidence  in  recovered  Allied  military  personnel. — In  a  directive  from 
the  Office  of  the  Chief  Surgeon,  European  theater,  to  the  surgeons  of  bases, 
sections,  and  advanced  sections,  attention  was  called  to  the  high  incidence 
of  tuberculosis  in  prisoners  of  Allied  Nations  recovered  when  the  U.S.  armies 
liberated  them  from  prison  and  concentration  camps  in  AVestern  Germany, 
and  to  the  implications  for  the  medical  and  nursing  personnel  of  tlie  Army. 
Later,  an  order,-®  based  on  the  sudden  startling  experience  of  Army  units  in 
the  forward  areas,  directed  a  chest  survey  of  recovered  Allied  military  jxr- 
sonnel,  and  displaced  civilians,  as  follows: 

1.  Pulmonary  tuberculosis  of  a  virulent  order  has  proved  a  serious  problem  nmonK 
displaced  civilians  of  all  nationalities.  The  magnitude  of  this  problem  cannot  be  esti¬ 
mated  at  this  time.  It  is  p'-obable  that  Recovered  Allie<l  Military  Personnel  will  show 
an  incidence  of  tuberculosis  well  above  the  ex|)erience  of  tiie  Theater.  It  is  imiierative 
to  establisli  the  gravity  of  the  situation, 

2.  All  displaced  civilians  and  Recovered  Alliwl  Military  Personnel  admitted  to  hos¬ 
pitals  of  the  United  States  Army  will  be  carefully  surveyeil  with  this  thought  in  mind. 
History,  physical  examination,  appropriate  lalwratory  studies,  and,  when  indicated,  x-ray 
of  the  chest,  will  be  made  on  all  such  subjects,  insofar  as  facilities  permit.  Due  to 
film  shortage,  x-rays  will  not  be  taken  routinely. 

In  recovered  prisoners  of  war  of  Allied  Nations,  U.S.  medical  officers 
found,  for  a  time,  the  principal  problem  in  tuberculosis  confronting  them  in 
the  European  theater.  At  one  time,  the  46th  General  Hospital  at  Besangon, 
France,  with  more  than  1,000  tuberculous  patients  of  foreign  nationality,  was 
the  largest  tuberculosis  center  under  control  of  the  U.S.  Army,  exceeding 

men  with  service  overseas  who  were  not  taken  prisoner  (liong,  Esmond  R.,  and  Jablon,  Seymour: 
Tuberculosis  in  the  Army  of  the  United  States  in  World  War  II.  An  Epidemiological  Study  With 
an  Evaluation  of  X-ray  Screening,  Washington:  U,S.  Government  Printing  Office,  1955). 

In  a  special  study  of  disease  among  recovered  prisoners  of  war,  Cohen  and  Cooper  found  a  high 
rate  of  tuberculosis  among  former  prisoners  of  the  Japanese,  which  did  not  take  into  account  the 
many  soldiers  believed  to  have  died  of  tuberculosis  in  Japanese  prison  camps  (Cohen,  Bernard  M., 
and  Cooper,  Maurice  Z. :  A  Follow-up  Study  of  World  War  II  Prisoners  of  War.  Washington : 
U.S.  Government  Printing  Office,  1954). 

23  Circular  I.etter  No.  41,  Office  of  the  Chief  Surgeon,  Headquarters,  Euro|>ean  Theater  of  Opera¬ 
tions,  U.S.  Army,  11  May  1945. 
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Fitzsimons  General  Hospital,  the  specialty  center  in  Denver,  Colo.,  in  its 
census  of  tuberculous  patients. 

Colonel  Badger's  report  on  tuberculosis  in  recovered  Allied  military  per¬ 
sonnel  is  quoted  substantially  as  follows :  '-■* 
a.  A'uture  of  the  problem 

On  18  December  1944,  304  patients  of  varied  nationality,  though  mostly  Russiati, 
were  admitted  to  the  50th  General  Hospital,  Commercy,  France.  All  were  tuberculous. 
Four  were  dead  on  arrival.  Ninety  percent  had  moderate  to  advanced  disease.  Twenty- 
eight  died  of  tuberculosis  in  the  first  week  in  the  hospital,  and  up  to  21  May  1945,  5 
months  after  admission,  a  total  of  101,  or  33  percent,  had  died.  Signs  and  symptoms 
of  serious  nutritional  and  vitamin  deficiencies  were  the  principal  associated  complica¬ 
tions  of  tuberculosis  or  malnutrition.  In  the  middle  of  March  1945,  some  1,000  military 
and  civilian  nationals  were  sent  to  the  40th  General  Hospital  in  Besangon  near  Dijon. 
There  were  among  them  Russians,  Yugoslavs,  French,  Italians,  Poles,  Turks,  Belgians, 
Dutch,  Czechs,  Greeks,  Hungarians,  and  Serbs.  Seventy-five  percent  of  them  were  Rus¬ 
sians.  A  little  less  than  half  had  tuberculosis,  most  of  which,  once  again,  was  advanced 
disease,  complicated  by  very  severe  malnutrition.  Other  pockets  of  displaced  tuberculous 
nationals,  under  Third  U.S.  .\rmy  care  in  Germany,  were  some  7,000  men  at  Mauthausen, 
.5,000  at  Nuremberg,  3,500  at  Ebensee,  and  3,000  at  Klam.  This  is  a  glimpse  of  the  end 
result  of  the  effects  of  war  on  Allied  national  prisoners,  both  political  and  military. 
*«««*** 

c.  History 

The  story  these  men  told  was  much  the  same  from  wherever  they  came.  They 
were  prisoners  for  au  average  of  34  months  in  the  Stalag  camps  of  Western  Germany. 
They  were  for  the  most  part  captured  in  1941  in  the  Black  Sea  area  and  the  Ukraine. 
They  were  shifted  from  camp  to  camp,  finally  winding  up  in  the  mines  and  heavy  in¬ 
dustries  near  Metz  and  Sarreguemines,  B'rance,  and  the  Ruhr  region  in  Germany.  Men 
were  worked  12  hours  or  more  a  day  with  1  day  off  a  month,  when  the  coal  quota  was 
filled.  Maltreatment  for  failure  to  do  a  full  day’s  quota  of  work  was  common.  Hous¬ 
ing  was  for  the  most  part  in  wooden  barracks  of  40  to  100  feet  in  size,  crowding  in 
100  to  150  men.  Diets  varied  in  different  camps,  but  from  their  history  and  starvation 
state,  it  was  apparently  seriously  deficient.  Hygienic  conditions  were  bad,  recreational 
facilities  were  prohibited,  sleeping  and  living  conditions  were  congested,  and  hospital 
treatment  for  illness  was  apparently  reserved  for  those  with  high  fevers  combined  with 
a  good  prognosis.  The  sick  were  left  to  die  in  their  bunks  beside  the  living.  Before 
capture,  these  men  were  recorded  as  being  in  excellent  physical  condition.  Supposedly, 
admission  to  the  Russian  Army  was  by  complete  physical  examination  with  an  X-ray 
of  the  chest;  but,  if  the  latter  was  accomplished  in  the  Russian  Army,  it  was  a  monu¬ 
mental  task.  Furthermore,  if  only  those  with  negative  X-rays  were  admitted  to  the 
Army,  the  influence  of  starvation  upon  unseen  tuberculous  infection  is  the  more  striking. 

d.  Clinical  picture 

The  typical  picture  of  tuberculosis  as  seen  in  these  patients  was  that  of  acute 
fulminating,  rapidly  fatal  disease,  mixed  with  chronic,  slowly  progressive,  fibrotic  tuber¬ 
culosis.  They  were  acutely  ill  with  emaciation  which  was  the  combination  of  tubercu¬ 
losis  and  starvation.  The  clinical  course  of  approximately  30  percent  was  rapidly  and 
progressively  downhill.  Extensive  bilateral  pulmonary  disease  was  complicated  by  gas¬ 
trointestinal,  laryngeal,  and  bronchial  involvement.  Fever  was  varied.  Many  patients 
showed  progressive,  moderate  to  far-advanced  disease  in  the  presence  of  a  normal  tem¬ 
perature,  some  elevation  of  pulse,  and  reasonably  good  general  appearance.  The  physi- 


24  See  footnote  17.  p.  o40. 
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fill  tindiiiKi^  were  ohanictfristif  In  tin*  varifly  of  .sinus,  Imt  tin*  most  oonspicuous  sinnio 
feature  was  the  presenoe  of  widespread  diseasi*  with  few  or  no  physieal  signs.  Cough 
and  e.\iH‘floration  prinluft'd  sputa  whieh  were  heavily  loadeii  with  tuhereie  haeiUl.  Ex- 
auiination  of  dirivt  smears  showed  larger  nuiuliers  of  tulierele  hacilli  than  we  are  airus- 
tonuHl  to  see  in  tlie  routine  examination  of  sputa  in  the  United  Statt‘s. 

e.  Patholoijii 

tl)  At  iMi.st  mortem  examination,  the  tula*ri‘ulosis  was  always  hilateral  with  wide 
hematogenous  dis.s<‘mination  to  a  vari«*ty  of  organs  with  ••xtensive  eavitatioii  of  the 
lungs.  There  was  revealeil  more  than  the  usual  lymph  gland  involvement  with  massive 
enlargement  of  glands  in  hotli  tin*  chest  ainl  ahdonien.  Not  uncommonly,  pleural  adhe¬ 
sions  were  multiple  and  usually  ohiiterative.  giving  evidenc»‘  of  chronicit.v  of  the  disi‘ase. 
Miliary  tul»ercuh»sis  was  conspicuous  hy  its  rarity,  though  s|Kiradic  hematogenous  spread 
was  common. 

(*J)  Microsi'opically,  the  lesions  were  characteristically  lilirocaseous  tulieri'le  for¬ 
mation  witli  evidence  of  normal  ti.ssue  resisinsi*  to  tlu‘  presence  of  the  tulH»rcle  hacilli. 
However,  maii.v  <“a.ses  presentisl  a  mi<‘roscopic  apiM'iirance  of  widespread  confluent  necro¬ 
sis,  without  tuhereie  formation  and  with  very  little  tissue  reaction  ahout  the  iteriphery 
of  the  lesion  and  little  or  no  epitheliohl  <*011  formation  and  complete  ahsenie  of  giant 
cidls.  I,ymphatio  tissue  often  pri^siaittsl  complete  destruction  of  all  lymphoid  <vlls  with 
tissue  lU'crosis  atid  often  very  little  cellular  reactioit  in  tulM*rcle  formatioti. 

f.  Ktiolofjn 

Etiological  factors  whicli  prodmxHl  this  fulminatitig  disease  wiut'  undouhtedly  the 
unusual  opportunities  for  ititen.se  and  friHiuent  recurrent  cotitact  with  si*riously  ill,  oihmi 
cases,  ('otiditiot)s  at  the  (lerman  Stalag  camps  ami  at  Huchetiwald  were  such  that  at 
the  latter,  -It'^tXKI  iteople  were  houswl  in  a  unit  origitially  cotistructiMl  for  Sani¬ 

tary  cmidltlons  did  not  exist  and  where  thrw  to  live  tnen  were  in  one  small  hunk  ami 
the  ill  were  left  to  die  unattetided  lieside  the  livitig,  the  opinirtunities  for  cross  inftH'tion 
with  tulwrculosis  were  smdi  as  have  probably  rarely  Is'en  observed  Ixdore.  Everything 
favored  the  developtnent  and  siiread  of  the  tliseas**.  The  starvation  diet  with  the  serious 
degrtH?  of  malnutrition  undotdttedly  contributiMl  to  the  rapid  progress  of  the  disease. 
The  pathology  in  many  cases  was  indicative  of  an  alKsence  of  the  individuars  resistance 
to  Infection. 

g.  2’rcatmcnt 

(1)  These  patients  had  treatment,  first  direi  teil  toward  relief  of  starvation  and 
the  estahlishmeiit  of  discipline.  Language  difticulties  and  years  of  living  under  the  con¬ 
ditions  which  existed  in  larger  work  camps  and  Stalags  made  it  diRicult  to  (>stahlish 
any  hygienic  principles,  or  the  segregation  of  open  from  cIosimI  case.s.  The  dietary  prob¬ 
lems  were  not  diflicult  to  handle  and  tho.se  patients  who  were  not  dying  of  their  diswise 
improved  clinically,  rapidly  overcoming  the  malnutrition  per  se. 

(12)  The  initial  probletn  was  that  of  reexamining  by  X-ray  entire  groups  for 
proper  identification,  diagnosis,  evaluation,  and  therapy.  Sputum-positive  ca.ses  were 
eventually  segregated  from  sputum-negative  cases  and  an  attempt  was  made  to  estab¬ 
lish  absolute  lied  rest.  However,  the  latter  proved  to  be  practically  impossible.  The 
concept  of  l»ed  rest  was  foreign  to  these  men  under  any  circumstances,  and,  with  the 
Russians,  it  was  against  their  principles  of  treatment  of  tuberculosis,  which  commanded 
exercise  and  sunshine. 

(3)  Collapse  treatment. — Definitive  measures  of  collapse  were  not  instituted  in  the 
early  weeks  of  treatment,  except  in  those  cases  where  hemorrliage  indicated  its  neces¬ 
sity,  or  the  character  of  the  dlsea.se  was  unilateral  and  favorable  to  this  form  of  treat¬ 
ment.  It  was  deemed  wi.se  for  these  men  to  have  4  to  8  we«*ks  of  bed  rest  before  pneu¬ 
mothorax  was  started,  as  the  acuteness  of  the  disease  and  the  frequent  presence  of 
tracheobronchitis  were  not  suitable  for  collapse  therapy.  Adjustment  of  their  nutritional 
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deliciencles  was  iiunietliately  of  t:ieater  ooiifera  than  the  tuberculosis  itself.  In  acute 
widespread,  bilateral  disease,  pneuiuothorux  has  not  proved  to  be  benelicial.  ('ollapse 
therapy  was  never  undertaken  simply  for  the  sake  of  “doinK  .somethinjf”  for  the  patient. 

(4)  Seen  a  month  after  the  institution  of  treatment,  those  men  who  had  not  died 
of  acute  tuberculosis  showed  marked  improvement.  Order  had  emerged  from  initial 
chaos  and  reasonably  good  discipli/ie  had  Iteen  establishe<l  through  the  assistance  of  a 
Russian  olht'er  and  uidman.  It  was  still  quite  impossible  to  establish  a  regimen  of  abso- 
luie  bed  rest. 

h.  Prevention 

I’recautlons  against  spread  of  tuberculosis  were  institute<l  first  of  all  for  the  pro¬ 
tection  of  U.S.  Army  ho.spital  itersonnel  and  second  toward  segregation  of  the  open  and 
closed  cases. 

(1)  Isolation  technique  was  carried  out  in  all  the  tuberculosis  wards.  All  staff 
personnel  wore  masks  and  gowns.  I’atients  wore  masks  when  examinetl  or  treated  and 
were  taught  to  conceal  their  cough,  to  expectorate  into  small  pledgets  of  paper  which 
were  deposited  into  paper  bags  to  be  burned. 

(2)  Floors  were  treated  with  spindle  oil  obtainetl  from  the  British,  which  was 
applied  according  to  directions  extracted  from  a  report  prepared  by  the  Eighth  Air  Force. 

(.1)  “Clean  rooms,”  as  islands  of  sterility,  were  meticulously  observed  adjacent  to 
tuberculosis  wards  for  the  protection  of  nurses  and  other  personnel.  No  contaminated 
per.son.  X-rays,  records,  or  objects  of  any  sort  were  permitted  in  these  sanctums  «)f 
cleanliness.  No  gowns  or  masks  were  worn  or  removetl  in  these  rooms.  .Scrub-up  solu¬ 
tions  and  contamlnate<l  clothing  were  maintained  in  an  adjacent  room. 

(4)  By  these  means  every  effort  was  made  to  cut  down  airborne  infection  to  a 
minimum  and  reduce  the  opportunity  of  contact  to  a  minimum. 

Oil  10  May  1945,  Colonel  Badger,  Senior  Consultant  in  Tuberculosis  in 
the  European  theater,  and  Col.  Esmond  R,  Long,  MC,  Chief  Consultant  in 
Tuberculosis,  Office  of  the  Surgeon  General,  conferred  with  Col.  B.  A.  Osipov, 
member  of  the  Military  Mission  of  the  U.S.S.R.  in  Great  Britain  and  Russian 
liaison  medical  officer  in  the  theater,  with  regard  to  the  care  and  treatment  of 
Russians  with  tuberculosis.  Points  of  difference  in  treatment  in  the  two  coun¬ 
tries  were  recognized,  and  shortly  thereafter,  it  was  decided  in  the  Office  of  the 
Chief  Surgeon,  European  theater,  to  repatriate  those  Russians  who  were  phys¬ 
ically  able  to  travel,  as  rapidly  as  was  consonant  with  tlieir  safety.  The  46th 
General  Hospital  was  made  a  collecting  hospital  for  this  purpose.  It  received 
recovered  Russian  prisoners  previously  hospitalized  in  many  hospitals  in 
France  and  England  and  effected  suitable  preparations  for  the  long  journey 
back  to  Russia. 

Incidence  in  concentration  camps. — In  the  final  weeks  of  the  war  in 
Germany,  Allied  troops  overran  a  large  number  of  the  notorious  concentra¬ 
tion  camps  in  which  the  German  government  imprisoned  political  noncon¬ 
formists,  Jews,  nationals  of  surrounding  states,  and  others  who  had  offended 
the  Nazi  Party.  These  camps  included  Buchenwald,  Nordhausen,  Dachau, 
Belsen,  and  iiiany  others.  Thousands  of  dead  were  found  in  the  camps  at 
the  time  of  their  liberation,  and  many  more  thousands  of  sick  and  dying. 
Among  the  latter  were  liundreds  of  persons  with  advanced  tuberculosis,  who 
constituted  an  immediate  problem  for  the  evacuation  hospitals  of  the  ad¬ 
vancing  armies.  U.S.  Army  hospitals  rapidly  developed  machinery  for  re- 
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moving  discovered  cases  from  camps  and  placing  them  under  definitive  care. 
Barracks  outside  the  camp  were  usually  used,  and  in  these  the  tuberculous 
were  bathed,  deloused,  examined  by  X-ray,  and  put  on  immediate  bed  rest. 
In  the  transfer  from  camp,  they  were  ably  assisted  by  doctors  of  the  concen¬ 
tration  camp;  that  is,  doctors  who  had  themselves  been  inmates  and  had 
nuiintained  primitive  hospitals  for  tuberculous  patients  in  the  camp.  Sub¬ 
sequently,  these  patients  were  transferred  to  German  hospitals  in  the  region, 
against  the  time  when  they  could  be  transferred  again  to  their  own  countries, 
or  to  sanatoriums  in  Germany.  The  crowding,  the  lack  of  sanitary  provisions, 
the  malnutrition  and  the  general  medical  neglect,  all  favored  progression  of 
the  disease  in  concentration  camps.  Although  few  figures  are  available,  it 
was  believed  by  ? Medical  Corps  officers  that  much  of  the  high  mortality  in 
these  camps  was  due  to  tul)erculosis. 

A  vivid  description  of  conditions  at  the  Dachau  concentration  camp,  and 
the  extent  of  tuberculosis  in  hospitalized  inmates  of  that  camp,  has  been  given 
by  Piatt.2®  He  made  a  statistical  analysis  of  2,267  roentgenograms  of  the 
chest  of  patients  removed  from  the  concentration  camp  hospital  and  examined 
by  X-ray  on  admission  to  the  receiving  and  evacuation  section  of  the  127th 
Evacuation  Hospital.  In  only  45.3  percent  of  the  films  was  no  abnormality 
discovered.  Tuberculosis,  pneumonia,  and  heart  disease  were  the  chief  abnor¬ 
malities.  Six  hundred  and  twenty-six  definite  cases  of  tuberculosis,  or  27.6 
percent  of  the  total  number  examined,  were  detected.  In  more  than  half  of 
these,  the  disease  was  bilateral,  and  in  four-fifths  of  the  cases,  the  process  was 
either  moderately  or  far  advanced.  In  addition  to  definite  tuberculosis  there 
were  94  patients,  or  4.1  percent  of  the  total,  with  pleural  effusion,  probably 
tuberculous  in  origin.  There  w'ere  five  cases  of  miliary  tuberculosis. 

Piatt,  among  others,  expressed  the  view  that  the  incidence  of  tuberculosis 
in  Europe  would  increase  appreciably  in  the  years  to  come  as  a  result  of  the 
return  of  numerous  persons  with  undiagnosed  active  disease  from  concentra¬ 
tion  camps  to  their  homes. 

The  following  extract  from  the  report  of  the  Consultant  in  Tuberculosis, 
Office  of  the  Surgeon  General,  dated  1  May  1945,  also  illustrates  the  task 
which  faced  evacuation  hospitals  when  prisoners  in  concentration  camps  were 
liberated : 

1.  Assignment  of  task  to  ^5th  Evacuation  Hospital. — When  the  Buchenwald  camp 
[near  Weimar]  was  liberated  a  problem  immediately  apparent  was  the  care  and  dispo¬ 
sition  of  several  hundred  tuberculous  patients  under  treatment  in  the  camp.  It  was 
recognized  that  these  were  a  source  of  dissemination  of  the  disease,  and  from  the  point 
of  view  of  medical  care  represented  a  long  range  problem.  The  processing  and  evacu¬ 
ation  of  these  patients  to  a  hospital  appropriate  for  their  continued  care  was  assigned 
to  the  45th  Evacuation  Hospital. 

23  Piatt,  A.  D. ;  A  Radiographic  Chest  Survey  of  Patients  From  the  Dachau  Concentration  Camp. 
Radiology  (7:  2;}4-238,  September  1946. 

26  Semiannual  Report,  45th  Evacuation  Hospital,  1  Jan.  to  30  June  1945.  Appendix  A,  subject : 
Processing  of  Tuberculosis  Patients  From  Buchenwald  Concentration  Camp  by  45th  Evacuation 
Hospital. 
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2.  B(ick!jrou7id  n(  tiibrnulosis  ptobh'tn  at  liuchenicald. — a.  The  conditions  under 
which  prisoners  lived  at  Biichenwald  were  conducive  in  every  way  to  the  development 
and  spread  of  tuberculosis.  The  malnutrition,  from  which  every  inmate  suffered,  to¬ 
gether  with  heavy  labor  and  harsh  treatment,  inevitably  led  to  the  progression  of  tuber¬ 
culous  lesions  in  men  previously  infected,  whether  these  were  originally  of  serious  or 
minor  character,  and  the  intense  crowding  and  lack  of  any  sanitary  precautions  led  to 
dissemination  of  infection  throughout  the  barracks.  “Block  physicians,”  themselves  pris¬ 
oners,  appointed  by  the  prison  administration,  constantly  discovered  cases  and  sent  them 
to  hospitals  established  within  the  camp,  since  distinguished  as  the  “old,”  the  “little,” 
and  the  “great.”  The  “old”  hospital,  an  indescribably  crowded  and  filthy  place,  in  which 
patients  lay  on  dirty  shelves  in  a  long  series  of  tripledecked  compartments,  five  feet 
long  and  two  feet  high,  six  patients  to  a  compartment,  was  in  no  remote  sense  a  place 
for  treatment,  and  in  effect  simply  a  breeding  ground  for  the  disease.  In  the  others, 
thanks  to  the  interest  and  intelligence  of  prisoner  doctors,  standard  treatment  was  car¬ 
ried  out  insofar  as  it  was  possible  under  the  desperate  circumstances  prevailing,  with 
little  food  available,  and  that  of  the  worst  quality,  and  no  relief  in  sight.  In  all  of 
these  hospitals  the  mortality  from  tuberculosis  was  tremendous.  No  accurate  estimate 
can  be  made,  but  it  is  probable  that  many  thousands  of  the  50,000  known  to  have  died 
in  the  camp  succumbed  to  tuberculosis. 

b.  Following  the  liberation  a  medical  organization  was  promptly  put  into  effect  by 
Dr.  Horn,  an  eminent  Czech  surgeon,  who  had  been  a  hostage  in  the  camp,  arrested 
originally  as  a  supporter  of  Dr.  Benes.  Dr.  Horn  was  at  the  camp  C  years.  His  distin¬ 
guished  position  was  recognized  by  the  Germans,  and  after  November  1043  he  did  a 
large  proportion  of  all  the  operative  work.  His  capacity  was  universally  recognized  by 
the  physicians  of  various  national  groups  in  the  camp.  Under  Dr.  Horn  the  following 
physicians  were  appointed  as  tuberculosis  consultants:  Dr.  Jozef  Szmeja,  a  Polish  tu¬ 
berculosis  specialist.  Chief  Consultant;  Dr.  Stanislaw  Machotka,  a  Jugoslav,  who  had 
been  superintendent  of  a  tuberculosis  sanatorium  in  Jugoslavia,  Second  Consultant ;  and 
a  Russian  doctor  who  had  specialized  in  tuberculosis. 

In  addition,  three  physicians  with  experience  in  the  treatment  of  tuberculosis  weie 
retained  in  direct  charge  of  the  “great”  and  “little”  tuberculosis  hospitals  (the  “old” 
hospital  having  been  closed  with  liberation  of  the  camp)  :  Dr.  Gerhard  Arnstein,  an 
Austrian,  in  charge  of  the  treatment  ward  in  the  “great”  hospital;  Dr.  Edmund  Adams, 
a  German  political  prisoner  of  English  descent,  in  charge  of  the  far  advanced  cases  in 
the  “great”  hospital;  and.  Dr.  [Paul]  Heller,  a  Czech,  in  charge  of  bilateral  cases  not 
suitable  for  specific  therapy,  but  not  hopelessly  advanced,  in  the  “little”  hospital. 

c.  The  treatment  ward  of  the  “great”  hospital,  with  116  cases,  almost  all  of  them 
under  pneumothorax  treatment  by  Dr.  Arnstein,  was  a  crowded,  malodorous  place  in 
which  patients  slept  in  double-decker  beds.  Discipline  was  maintained,  and  patients 
received  three  times  as  much  food  as  before  the  liberation,  but  no  substantial  improve¬ 
ment  could  be  expected  in  such  surroundings.  Dr.  Arnstein  was  conscientiously  doing 
everything  possible  under  the  circumstances.  The  ward  for  advanced  cases  was  simply 
a  death  room.  There  were  thirty-two  cases  where  there  had  been  seventy  a  few  days 
before.  The  “little”  hospital,  containing  ninety-six  patients,  was  a  former  stable,  which 
had  been  improved  by  the  patients  themselves  by  the  construction  of  windows.  It  was  a 
liighly  crowded  place  filled  with  ambulant  patients  who  used  three-decker  beds  at  night. 
There  was  a  total  lack  of  discipline  in  spite  of  Dr.  Heller’s  best  efforts.  Three  to  four 
patients  a  week  died  there.  The  most  that  could  be  said  for  it  was  that  it  served  for 
the  isolation  of  ambulant  patients  with  infectious  sputum. 

d.  The  three  hospital  groups  just  cited,  made  up  of  244  patients,  did  not  account  for 
all  tlie  known  cases  of  tuberculosis.  The  different  national  groups  into  which  the  pris¬ 
oners  were  gathered  immediately  after  liberation  had  retained  some  cases.  Altogether 
it  was  believed  that  100-150  tuberculous  patients  could  be  located  in  the  various  groups. 
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3.  Ki'acuiitUm  proccdurt  —n.  Tho  uliovt;  outline  indifates  what  liad  heen  atctuu- 
[ilished,  (hunks  to  the  iiitellii'ent  uetion  oIl  a  few  liljerated  pli.vsd clans,  in  a  sliort  i)ei’iod 
pm-tvliiiK  the  assiKmuent  of  tlie  4rt{h  Hvaeiiation  llospitiil  to  tiie  evacuation  prol)leu). 
Tile  principal  acconiplisliinent  of  tliese  pliysicians  was  discovery,  isidation,  and  classi- 
tication  of  iiatients,  wliicii  enornuaisly  facilitnte<l  tlie  proc<‘<lure  of  evacuation.  The 
institution  of  pneuinotlioraK  on  tlie  s<*ale  estalilislied  was  lieroic,  Imt  inucli  success  in 
treatment,  under  tlie  circumstances,  was  not  to  lie  expected. 

1).  A  priority  system,  liased  on  tlie  «*merKem‘y  care  riHiuired.  tlie  advisaliility  of  re¬ 
moval  for  early  continuation  <if  care  el.sewlaMX',  and  otlier  cimsideration.s,  wa.s  set  up, 
wliereliy  patients  already  in  tlie  Huclienwald  camp  liospitals  were  to  1«*  delivered  to  the 
•t.'ith  Evacuation  Hospital  at  the  rate  of  ten  an  hour  during  the  workiiiK  day,  comnieiu- 
iii}:  on  128  April  On  the  1211th  the  system  was  found  to  he  functioninj;  suKHithly  in 

si)it<‘  of  mei'hanical  ditficulties  in  the  water  line  and  concomitant  cleaning  of  the  hos¬ 
pital.  Tiider  the  direction  of  the  commanding  otlicer,  t'oloiiel  lAhnerl  /ehm,  a  reimirk- 
ahly  rapid  and  elTective  j<ib  had  Iwhui  done  In  taking  over  a  terribly  dirty  huildinj:, 
fouled  by  unrest raiiu'd,  suddenly  fr«H*<l  prisoners,  with  no  Iiy^rienic  standard.s,  who  bad 
.swarmed  into  the  building  on  their  releatav  Head  bodies  were  in  the  i-orridors  and 
excrement  all  over  the  tloors  on  arrival  of  the  stall'.  Two  days  later,  when  evacuation 
operations  comnienct‘d,  the  pla<«>  was  <dean  and  normal  operation  was  in  progress. 

c.  A  dispensary  organization  h;i.s  la-en  .set  up  liy  Dr.  Horn  in  Hnchenwald  (’amp  for 
diagnosis  of  new  ctises  from  suspects  sent  In  by  physicians  in  the  barracks,  which  still 
housed  some  1.5, (XKl  ex-prisoners.  Tlie  selection  is  based  entirely  on  .symptoms.  In  the 
opinion  of  the  undersigned  the  number  of  cases  would  run  far  be.vond  the  expia  ted  1.50 
cases  if  a  more  ciiroful  method  of  selection  including  X-ray  examination  were  iiossible. 
In  view  of  the  tremendous  exposure  to  which  the  group  has  been  sub.iected,  cases  will 
inevitably  arise  in  considenible  number  for  yejirs  to  come.  At  present  only  the  metiioii 
indicjited  is  practical.  The  dispensary  will  hohl  :t~t  patients  for  olwervation  at  one  time, 
and  it  is  expected  that  by  the  time  the  prt'sent  ‘240-’2.50  patients  Inive  been  evacuated 
tli(*  dispensary  can  conclude  the  remaining  task  in  ti  few  days. 

4.  Orf/iinization  of  the  .'liitli  Kvaeuution  UoKpital. — ii.  The  stafl'  consists  of  the  coni- 
nianding  otlicer  and  220  mediciil  ollhau’s.  Lt.  Col.  [Isidore  A.]  Feder,  MC,  Chief  of  the 
Medicjil  Service,  has  instituted  tin  organization  which  admiiiibly  combines  simplicity  and 
etiiclent  operation.  Ten  40-bed  wanks,  etich  in  charge  of  a  medical  ollicer,  luive  be<‘n  set 
up.  In  addition  to  these  there  is  a  receiving  otlicer,  a  general  internist,  an  X-ray  chief, 
a  laboratory  chief,  and  a  .speciiilist  In  ear,  nose,  and  throat  work.  The  rest  of  the  staff 
of  120,  composed  of  members  of  the  surgical  team,  tire  at  present  on  other  duties  in  the 
area. 

1).  On  arrival  at  the  hospital,  pjitients  .are  taken  to  the  receiving  wards  (one  for 
ambulant  and  one  for  litter  patients)  and  their  records  are  initijited  by  the  receiving 
ollicer.  Ily  arrangement  with  the  doctors  at  Huclienwald  ciunp,  their  previous  medical 
recorils  are  sent  with  them.  EJIT’s  (emergem*y  medical  tags}  tire  mtide  out,  and  a 
simph*  medical  record  devised  by  tlie  4,5th  Evacuation  Hospital,  entirely  suittible  for 
the  purpose,  is  started.  After  this,  patients  move  across  the  litill,  where  their  clothes 
tire  tiiken  tiway  from  them  to  lie  destroyed,  they  bathe  in  hot  showers,  and  tire  dried 
and  sprtiyed  with  DDT  fdichlorodiphenyltrichloroethane].  Then  they  receive  clean  pa- 
.iamtis  and  are  .sent  to  the  X-rtiy  room,  where  a  roentgenogrtim  is  made  of  each  man, 
with  a  Picker  tieM  unit,  the  subject  holding  the  ctissette  in  his  tirms.  The  pictures  made 
tire  remarktibly  good,  with  till  the  required  detail  and  excellent  contrast.  Much  credit 
is  due  to  the  technician  in  the  dark  room,  for  the  condition  of  the  electrical  line  re¬ 
quires  relatively  long,  tixed  exposure  and  tixed  kilovoltage  so  that  careful  individual 
processing  in  the  development  tanks  is  nwessary.  After  the  X-ray  film  is  made  each 
patient  is  sent  to  his  ward.  Shortly  afterwards,  clinical  histories  are  taken  tlirougli 
an  interpreter,  and  siiecimens  are  obtaineil  for  laboratory  examination — .s])utum,  bloml. 
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and  mine  beinj;  examined  routinely.  Hlood  sedimentation  rates  are  determinetl  in  eases 
wljere  tuberculosis  is  <lia};nose<l  but  tbe  patient  is  afebrile.  The  whole  procetlure  is 
handled  quietly  and  ex|)editiously. 

c.  Special  mention  should  be  made  of  the  work  of  the  eidisted  men.  Good  technical 
work  is  done  in  the  X-ray  department  and  lalxnatory  as  well  as  the  bath  department, 
and  the  care  {jiven  by  the  litter  bearers,  as  observed  by  tlie  undersittned,  was  superb. 
Very  sick,  suffering  patients  were  transferred  from  litters  to  cots  with  intinite  gentle¬ 
ness,  which,  in  the  light  of  the  bestial  l>rntality  which  had  l»een  the  lot  of  the  patients 
in  Itnchenwald  camp  prior  to  their  liberation,  was  extraordinarily  impressive. 

5.  A.ws8meiit  of  the  evacuation  ijroeedure. — a.  The  work  done  by  the  4.">th  Evacua¬ 
tion  Hospital  in  processing  tuberculous  patients  is  exc-ellent.  Dr.  Horn,  who  had  ob¬ 
served  the  care  of  tuberculous  patients  at  Huchenwald  for  years,  was  strong  in  his  trib¬ 
ute  to  the  spirit  and  standards  of  tbe  Medical  Department  of  the  U.S.  Army.  No  words 
can  describe  the  relief  and  .joy  of  the  i>atieut.s.  After  their  long  misery  in  the  filth  and 
torture  at  Huchenwald,  the  clean  sheets  and  blankets  and  personal  solicitous  attention 
of  the  doth  Evacuation  Hospital  were  incre<lible  luxuries. 

b.  The  medical  processing  meets  its  purpose  in  ever.v  wa.v.  The  objective  of  the 
hospital  is  to  effect  machinery  for  suitalde  transfer  of  patients  to  i)ermanenr  quarters. 
Status  as  ambulant  and  litter  patients  is  Iteing  established  in  a  sound  manner.  A  cer¬ 
tain  numl>er  of  cases  misdiagnosed  as  tuberculous  are  being  discovered,  and  will  be 
returned  for  such  medical  care  as  they  require.  Some  patients  will  be  found  who  are 
too  sick  to  move  further  under  atiy  circumstances,  and  terminal  care  is  being  provided. 
Treatment  is  quite  properly  by  rest  and  good  food,  which  is  enormously  appreciated  by 
the  patients.  Pneumothorax  treatment  is  not  being  given  and  does  not  appear  indi¬ 
cated  in  the  expected  sliort  period  of  retention  of  the  evacuation  hospital.  It  is  believed 
that  retills,  if  necessary  in  any  cases,  can  be  given,  by  special  arrangement,  by  the  camp 
physicians  who  initiated  the  pvoeedure. 

Under  arningeinents  effected  by  the  Office  of  the  Surgeon,  Headquarters, 
First  U.S.  Army,  the  tuberculous  jiatients  evacuated  from  the  Buclienwald 
concentration  canq)  weie  transferred  to  a  permanent  German  hospital  at 
Blankenhaiii  near  Bad  Berka  and  Weimar  for  continued  ctire  pending  later 
transfer  of  suitstble  cases  to  their  homes  in  liberated  countries.  It  Avas  recog¬ 
nized  that  a  majority  of  the  patients  Avere  too  ill  to  recover  and  aaouM 
remain  a  charge  of  that  department  of  military  goA’ernment  concerned  Avith 
the  hospitalization  of  displaced  personnel  ( pp.  397-399) . 

NORTH  AFRICAN  AND  MEDITERRANEAN  THEATERS  OF 

OPERATION 

Admission  rates. — As  in  the  European  theater,  the  recognized  incidence 
of  tuberculosis  in  the  Army  in  the  North  African  and  Mediterranean  theaters 
Avas  lower  than  in  the  Zone  of  Interior.  During  19-12—45,  approximately 
1,300  cases  with  active  or  inactiA-e  tuberculosis  Avere  admitted  to  medical  treat¬ 
ment  facilities  for  observation  or  care,  an  incidence  rate  of  0.85  per  1.000  per 
year.  In  a  study  involving  800  cases,  57  percent  Avere  classified  as  active  and 
20  percent  as  probably  active,  the  remainder  as  inactive  or  uncertain.^" 

AIcKi'iin,  Gporge  T..  and  King,  Donald  S. :  Survoy  of  Tuborcnlosis  and  “Primary”  Pleural 
Effusion  for  the  Period  of  Activity  of  XATOCSA  and  MTOUS.A  to  1  Ai>r.  194.v,  vois.  I  and  H. 
[Ollieini  record.] 
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In  the  aforementioned  study,  diagnosis,  treatment,  disposition  of  cases, 
and  the  epidemiology  of  tul)erculosis  in  the  theater  were  iliscussed  at  length. 
In  addition,  special  attention  was  devoted  to  primary  pleural  effusion,  which 
was  a  problem  of  unusual  significance. 

In  a  high  proportion  of  case.s,  symptoms,  principally  cough,  led  to  hos¬ 
pitalization;  a  smaller  number  were  discovered  in  various  types  of  routine 
survey.  Laboratory  facilities  varied  in  the  theater,  but  even  in  forward  hos¬ 
pitals  means  for  staining  tubercle,  bacilli  were  available  and  X-ray  examina¬ 
tion  could  be  made.  Films  from  field  and  evacuation  hospitals  were  of  good 
diagnostic:  quality;  in  gtmeral,  the  diagnostic*  work  was  of  su|)erior  character. 

Differential  diagnosis  frequently  involved  distinction  from  atypical  pneu¬ 
monia,  and  occasionally  from  chronic  pulmonary  diseases  other  than  tubercu¬ 
losis.  The  chief  difficulty  in  diagnosis  was  determination  of  activity.  In 
sputum-positive  cases  this  w’as  no  problem,  but  decision  was  difficult  in  the 
numerous  cases  where  a  small  fibrotic  lesion  was  evident  in  X-ray  films.  The 
usual  and  most  important  single  aid.  namely,  a  long  series  of  films  for  com¬ 
parison,  was  not  a\ailable,  because  circumstances  did  not  permit  retention  of 
patients  for  the  necessary  length  of  time.  Consequently,  individual  judgment, 
based  on  all  data  available,  was  most  important. 

The  annual  rate  of  admission  in  terms  of  ti-oop  strength  was  approxi¬ 
mately  the  same  for  Negro  as  for  white  soldiers.  Negro  soldiers  constituted 
9  percent  of  the  total  strength,  but  contributed  only  7.5  percent  of  cases  up 
to  April  1944.  On  31  March  1945,  Negro  troops  constituted  13.5  percent  of 
the  total  strength  in  the  theater  and,  by  that  time,  accounted  for  15  percent 
of  the  cases  of  tuberculosis.  Analysis  by  type  of  case  indicated  that  the  dis¬ 
ease  was  of  distinctly  greater  average  severity  in  Negro  than  in  white  soldiers. 
In  the  former,  there  were  more  bilateral  ca.ses,  more  cases  with  cavity,  more 
of  exudative  character,  and  a  lower  proportion  of  cases  considered  inactive. 
According  to  data  obtained  from  individiial  medical  records,  there  were  GO 
deaths  during  1942-45  among  U.S.  Army  personnel  admitted  for  tuberculosis 
in  the  Mediterranean  theater.  Many  patients  who  were  evacuated  died  else¬ 
where.  Of  the  GO  deaths,  50  were  among  male  enlisted  personnel;  30  of  the 
50  deaths  were  among  Negroes. 

Hospitalization.— fn  the  North  African  and  Mediterranean  theaters,  as 
in  all  theaters,  tuberculous  patients  Avere  initially  admitted  to  hospitals  of 
all  types.  Admissions  were  about  e<jually  divided  among  soldiers  from  the 
Fifth  U.S.  Army,  the  Army  Air  Forces,  and  Army  Service  Forces.  Unlike 
the  other  theaters,  the  North  African  and  Mediterranean  theaters  established 
tuberculosis  centers  for  the  reception  of  cases  from  otlier  hos])itals  and  for 
study  with  a  view  to  appropriate  disposition.  The  following  hospitals  .serA’ed 
this  purpose:  Gth  General  Hospital,  ('asablanca,  French  Morocco;  24th  Gen¬ 
eral  Hospital.  Dizerte,  Tur.isia;  17th  General  Hospital,  Naples,  Italy,  and  the 
G4th  General  Hospital.  Ijeghorn,  Italy.  The  concentration  of  medical  officers, 
with  .special  training  in  a  few  centers  e<piipped  for  definitive  treatment,  in- 
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sured  an  adequate  number  of  l)eds  and  a  high  type  of  professional  care  for 
patients  prior  to  their  evacuation  to  the  United  States.  These  hospitals  were 
frequently  visited  by  Lt.  Col.  (later  Col.)  Donald  S.  King,  MC,  Chief.  Med¬ 
ical  Service,  6th  General  Hospital. 

Analysis  of  data  for  a  representative  group  showed  that  the  average  dura¬ 
tion  of  hospitalization  of  active  cases,  prior  to  evacuation  to  the  Zone  of  In¬ 
terior,  was  58.5  days.  From  this  figure,  based  on  a  large  sample,  it  was  cal¬ 
culated  that  active  cases  of  tuberculosis  were  responsible  for  22,405  days  of 
hospitalization  in  the  theater.  Only  24  patients,  however,  remained  in  a 
theater  hospital  more  than  3  months. 

Also  admitted  to  Army  hospitals  in  this  theater  were  tuberculous  patients 
from  the  armies  of  our  Brazilian  and  British  allies,  tuberculous  prisoners  of 
war,  and  occasional  patients  in  other  categories. 

Therapy  and  disposition. — Hospital  care  being,  as  a  rule,  of  i-elatively 
short  duration  in  the  theater,  definitive  treatment  was  not  so  intensive  as  in 
tuberculosis  centers  in  the  United  States.  However,  in  many  cases,  temporiz¬ 
ing  was  contraindicated;  collapse  metisures  were  instituted  promptly  to  pre¬ 
vent  serious  progression,  although  this  practice  anticipated  the  type  of  care 
to  be  given  during  prolonged  hospitalization  in  the  United  States  and  the 
pneumothorax  had  to  be  maintained  during  evacuation  to  the  Zone  of  Inte¬ 
rior,  at  ports  of  debarkation,  and  en  route  from  the  latter  to  tuberculosis  cen¬ 
ters  in  the  United  States. 

The  indications  for  pneumothorax  were  the  usual  ones;  namely,  unilateral 
excavation,  spreading  infiltration,  and  persistent  hemoptysis.  The  following 
policy  was  drawn  up  in  the  late  months  of  the  war  with  respect  to  collai)se 
therapy  and  the  type  of  transportation  most  appropriate  for  different  cate¬ 
gories  for  evacuation  to  the  United  States.^* 

1.  I’neuinothorax  treatment  in  the  theater  should  be  limited  to  predominantly  uni¬ 
lateral  cases,  with  evidence  of  cavity  formation  or  rapid  extension,  for  which  transpor¬ 
tation  to  the  United  States  is  not  immediately  available,  and  such  cases  should  be  evacu- 
ate<l  on  hospital  ships  equipped  to  continue  pneumothorax  after  this  treatment  has  been 
established. 

2.  Bilateral  advanced  cases  and  advanced  cases  for  other  reasons  imsnitable  for  pneu¬ 
mothorax  should  be  treated  by  continued  rest  and  returned  to  the  United  States  by 
hospital  sliip  as  soon  as  space  is  available. 

8.  Unilateral  and  bilateral  cases  of  active  disease  of  minimal  extent,  without  gross 
evidence  of  cavitation,  should  be  sent  to  the  United  States  by  air  at  the  earliest  pos¬ 
sible  moment,  and  treatment,  otlier  than  rest  and  hygiene,  in  such  cases  should  not  he 
attempted  in  the  tlieater. 

4.  Cases  of  pleural  effusion  without  other  demonstrable  etiology  should  be  consid¬ 
ered  as  probably  tuberculous  and  evacuated  to  the  United  States  by  hospital  ship,  after 
termination  of  the  acute  phase  of  the  illness,  for  treatment  and  disposition. 

5.  Under  ordinary  circumstances  moribund  cases  should  not  be  evacuated  to  the 
United  States. 


28  Memorandum,  Col.  Esmond  R.  Long,  MC,  Consultant  in  Tuberculosis,  to  The  Surgeon  General, 
U.S.  Arm.v.  18  Apr.  194i>,  subject :  Visit  b.v  Consultant  in  Tuberculosis,  Office  of  the  Surgeon  Gen¬ 
eral.  in  Mediterranean  Theater  of  Operations. 
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().  liidivittual  JiulKitieiil  lx*  <‘\(>r(-istxl  in  the  ciise  i>f  siiiiill,  M-itrrtxl  and  prob- 

ably  Inactive  lesions,  with  evacuation  to  the  Zone  of  Interior  in  tliost*  cases  where  the 
lesion  in  question  is  of  truly  il<iuhtful  staliility,  opiHutunity  for  continutHl  ohs«‘rvation  of 
the  cas4‘  is  unlikely  atai  key  iKM'sonnel  are  not  involv«Hl. 

Pleurisy  with  effusion.-  I ’ItMirisy  wit  It  etfiisioii,  presitiii|>tively  tiilte.tvu- 
lous,  wsus  fretiuent  in  propoHitm  to  the  total  niimlter  of  cast's  of  tulterculosis. 
In  1944,  there  was  an  apparent  increust'  tlurin*;  the  suininer  months,  the  reason 
for  which  never  hecanie  clear.  It  was  considered  possible  that  nninerous  in¬ 
fections  mijflit  have  la-cnrred  in  crowded  tpiarters  dnrin;;  the  winter,  l)ecoin- 
ing  nnmife.st  several  months  later  in  the  form  of  effusion. 

In  16  out  of  33  carefully  sttidied  cast*.s,  the  hacferiolojfical  diajrnosis  de¬ 
termined  by  ofuinea  pi};  iiuKudation.  culture,  or  other  means,  was  positive  for 
tubercle  bacilli.  A  dia};nostic  problem  was  distinction  from  the  effusion  that 
sometimes  accompanies  atypical  pneumonia.  In  };eneral,  however,  it  was  l»e- 
lieved  that  lar};e  effusions  were  rare  with  this  type  of  pneumonia,  whei’cas 
the  effusion  of  tuberculosis  was  fre<juenlly  massive. 

Alto}rether,  265  cases  of  primary  pleund  etl‘usi<»n  were  encounterex^l,  of 
which  229  wore  evacuated  to  the  Zone  of  Interior.  Two  were  reclassified  to 
limite<l  service  and  30  were  returned  to  duty.  The  wisdom  of  the  latter  courst' 
yvas  later  seriously  (piestioned,  in  view  of  the  frecpiency  with  whi<!h  late  ful)er- 
culous  parenchymal  infiltration  follows  i)leurisy  with  effusion.  Three-fifths 
of  the  cases  were  in  soldiers  25  years  of  a}re  oi*  less.-® 

Epidentiolog'y. — Mitch  attention  was  <levoted  by  medical  .'dllcers  to  the 
epidemiolo};y  of  the  disease  in  the  North  African-Mediterranean  theater.  Up 
to  dune  1944,  the  number  of  cases  evacuateil  to  the  Zone  of  Interior,  althou};h 
not  considered  alarmiii};,  w'ius  recopiized  as  si}rnifi(*ant.®'*  In  the  sumnter  of 
1944,  the  centralization  of  patients  in  special  hospitals  broujrht  to  li};ht  the 
fact  that  not  infreipiently  there  was  an  abnormally  hi};h  incidence  of  disease 
in  individual  units,  and  an  inde.x  .system  w'as  set  up  to  aid  in  tracin';  .sources 
of  infection.  New  patients  yvei'e  (piestioned  as  to  previous  contacts  in  the 
Army,  and  from  time  to  time,  new  additions  to  alivady  known  endemic  foci 
were  thus  discovered.  In  one  medical  battalion  headipiarters  and  heaikpiar- 
ters  company,  consistiii};  of  50  enlisted  men  and  7  officers,  S  cases  of  pulmonary 
tuberculosis  or  pleural  effusion  were  found.  Contacts  with  Italian  civilians 
that  may  have  lieen  a  .source  of  conta«;ion  were  believed  to  m-riir,  but  could 
not  Ik?  traced  with  similar  accuracy. 

In  this  connection,  ('ircular  Ix*tter  No.  41,  Office  of  the  Surgeon,  Ilead- 
(piarters.  North  African  Theater  of  Operations,  dated  29  July  1944,  directed 
the  followiu};: 

posiwiir  KtiKly  iir  HI  cam's  of  |iriiiiary  soroflliriaoiis  iilciiral  •■ff'iisioii  in  World  War  11 
NoldUTs.  ill  wliicli  olisiTvaJioii  was  coiitliiiiiMl  for  ."t  or  more  yi'iirn  after  iliiif'iiosis,  discloseil  a  hipb 
tncidoncc  of  n-lapsi'  in  iikmi  returned  to  duly  followini;  alisor|>tiiin  of  a  p'eiiral  exudate.  In  eases 
where  hospitalization  was  brief  and  return  to  duty  eorresponiilnely  early  relapse  oeenrred  in  approxl- 
iniitely  !M»  |»‘r<a*nt  of  |H>rsons  ( Ko|N>r.  W.  II..  and  Warinjr.  .1.  .1.:  I’riniary  .Seriiihriiions  l‘leural  KITn- 
aion  in  Military  I’ersoniiel.  Am.  Key.  Tiiln-re.  71:  (11(5  ii:54.  May 

Custer.  K.  A.:  Tulwreiilosis  in  the  North  Afriean  Theater  of  Operations  [and  appended  Com¬ 
ments  liy  the  Theater  Surceou].  M.  Hull.  North  Afriean  Tlieat.  Op.  (No.  (!)  1  :  .W  .'ll,  June  11)44. 
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It  will  be  the  responsibility  of  the  oouiiiiaiKlint;  ottieers  of  “tuberculosis  reception 
centers”  to  notify  tlie  medical  otticer  of  any  or;;anization,  in  which  an  "opetj  case”  of 
tuberculosis  is  discovere<l,  of  the  existence  of  such  a  case,  and  it  will  theti  be  the 
responsibility  of  the  unit  medical  oflicer  to  initiate  pn»mptly  such  studies  as  are  i'on- 
sidere<l  necessjtry  for  the  (iete<-tion  of  pulmonary  tuberculosis  in  intimate  contacts  of 
the  patients. 

Routine  surveys,  nuule  on  several  units,  were  occasionally  fruitful.  In 
one  survey  made  after  discovery  of  an  open  case,  no  case  of  definitive  active 
tuberculosis  was  found  ainon^  718  persons,  includin*;  52  officers  and  123 
women,  but  16  lesions  of  minimal  extent  were  discovered,  8  of  which  were 
considered  possibly  active,  the  remainder,  probably  inactive.®^ 

Although  Italian  civilians  were  always  suspected  as  a  source  of  serious 
contact,  adequate  study  was  not  made  until  after  the  end  of  hostilities.  Some 
evidence  of  special  danger  was  found  by  the  Chief  of  Medical  Service,  15th 
Evacuation  Hospital  in  a  survey  of  approximately  300  civilian  footlhandlers  in 
the  Milan-Turin  region.  Of  these,  15  (or  5  percent)  had  clinically  significant 
tuberculosis  of  reinfection  type. 

Evacuation. — Patients  were  evacaiated  by  sea  and  by  air.  In  the  early 
days  of  the  theater,  most  tul)erculous  patients  came  home  on  troop  transports. 
Later,  the  majority  returned  in  hospital  ships,  when  the.se  were  available  in 
sufficient  number.  It  was  recognized  that  far  better  care  coidd  be  given  them 
on  hospital  ships,  where  special  quarters  could  be  assigned  and  wl,ere  X-ray 
and  pneumothorax  equipment  and  laboratory  facilities  were  readily  available. 
At  the  same  time,  isolation  technique  protected  other  soldiers  from  exposure 
to  contagion.  Fortunately,  there  was  little  communicable  disea.se  other  than 
tul)erculosis  requiring  evacuation  from  the  theater.  Accordingly,  it  was  pos¬ 
sible,  in  many  voyages  from  Italy  to  the  United  States,  to  use  for  tuberculous 
patients  the  entire  section  of  the  ship  that  had  originally  been  set  aside  for 
contagious  diseases.  This  section  usually  provided  airy  8-  and  12-bed  wards. 

SOUTH  PACIFIC  AREA 

Incidence. — In  reports  for  the  years  1942^5  for  the  South  Pacific  Area 
(New  Caledonia  and  the  Solomon  Islands),  an  admission  rate  for  tuberculosis 
of  1.5  per  1,000  men  per  annum  is  shown,  except  for  the  year  1942.  when  the 
adiiiission  rate  for  the  last  quarter  only  is  recorded  and  was  2.1.  Incomplete 
reporting,  mistakes  in  diagnosis,  inclusion  of  readmissions  and  transfers  are 
mentioned  as  factors  causing  inaccuracies.  It  was  believed  by  the  reporter, 
however,  that  the  errors  did  not  exceed  10  percent.  The  totals  for  the  4  years, 
as  reported,  were:  1942  (last  3  months),  42;  1943,  214;  1944,  264;  1945,  57. 
The  incidence  rates,  taken  from  the  statistical  health  report  (WD  MD  P'orm 
86ab)  in  the  records  in  the  Office  of  the  Surgeon  General,  were:  1942,  1.38; 
1943,  1.20;  1944  (consolidating  South  Pacific  with  Central  Pacific  Area  to 


Wymnn,  S.  M. :  Rpport  of  ii  RoontRonologic  Chest  Survey.  M.  Bull.  Mediterranean  Tbeat. 
Op.  :  15-115,  January  1945. 
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make  Pacific  Ocean  Area),  0.71;  1945  (also  consolidated),  0.95.  The  average 
rate  for  the  Pacific  Ocean  Area  for  1942—45,  inclusive,  was  0.86. 

Types  of  tuberculosis. — The  majority  admitted  to  hospital  were  cases  of 
pulmonary  tuberculosis.  It  is  interesting  to  note  that  of  82  cases  of  chronic 
reinfection  type  pulmonary  tuberculosis  admitted,  32  were  recorded  as  mini¬ 
mal,  38  as  moderately  advanced,  and  only  12  as  far  advanced.  In  a  theater 
where  examinations  were  usually  made  on  the  basis  of  symptoms  rather  than 
through  the  medium  of  mass  X-ray  surveys,  the  preponderance  of  minimal 
and  moderately  advanced  cases  indicates  that  medical  officei's  were  on  the  alert 
for  cases  and  recognized  the  need  for  their  discovery  before  the  disease 
reached  the  far  advanced  and  generally  hopeless  state. 

Fifteen  cases  of  tuberculosis  of  the  genitourinary  tract  were  positively 
identified  out  of  a  much  larger  number  of  cases  of  genitourinary  tract  disease 
in  which  the  diagnosis  was  questionable.  It  is  noteworthy  that  in  the  Central 
and  South  Pacific  Areas  (data  for  the  areas  separately  are  not  available)  40 
cases  of  tul)erculosis  of  the  genitourinary  tract  were  found,  yielding  a  rate  of 
2.8  per  annum  per  100,000  average  strength.  This  may  be  compared  with  1.8 
for  the  Southwest  Pacific  (based  on  28  cases)  and  2.7  for  the  total  Army 
(based  on  674  cases).  It  may  be  note<l  here  that,  although  pulmonary  tul)er- 
culosis  was  generally  excluded  through  X-ray  examination  at  induction  sta¬ 
tions,  facilities  for  detection  of  genitourinary  tuberculosis  were  usually  inade¬ 
quate.  so  that  cases  that  were  asymptomatic  at  the  time  of  induction  were 
unknowingly  accepted. 

Of  the  nonpulnionary  forms,  tul)erculosis  of  the  pleura  was  conspicuous 
(9  cases).  There  were  a  few  cases  of  tuberculosis  of  superficial  lymph  nodes, 
bones,  joints,  and  meninges.  The  list  included  only  one  case  of  generalized 
miliary  tul)erculosis. 

Diagnosis. — Diagno.stic  facilities  varied  with  the  type  of  medical  in.stal- 
lation  and  its  location.  First-class  roentgenological  facilities  were  available 
throughout  the  theater  and,  according  to  the  official  reports,  liberal  use  was 
made  of  them  at  all  times.  Every  patient  with  .symptoms  of  che.st  di.sease 
was  examined  by  X-ray.  Group  surveys  were  made  when  special  circum¬ 
stances  indicated  their  value.  For  examjde,  a  Xavy  .steward  was  found  to 
have  advanced  pulmonaiy  tuberculosi.s  and  about  20  close  contacts  were  stud¬ 
ied.  It  was  interesting  to  note  that  no  active  cases  were  found  in  this  study 
but  that  two  or  three  apparently  inactive  cases  were  located. 

Facilities  for  laboratory  e.xaminations  depended  upon  the  ])roxi:riity  of 
the  installation  concerned  to  the  front.  Laboratories  as  far  forward  as  clear¬ 
ing  companies  had  all  the  necessary  e<|uipment  for  making  stains  for  acidfast 
bacilli.  In  ins^tallations  to  the  rear  of  clearing  companies,  facilities  were 
availal)le  for  concentration  methods  for  the  detection  of  tubercle  bacilli,  and  in 
such  installations  gastric  lavage  was  performed.  General  hospitals  made  con¬ 
siderable  use  of  cultural  methotls  for  detection  of  tubercle  bacilli.  Guinea-pig 
inoculation  was  resorted  to  occasionally  in  medical  laboratories,  for  example. 
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in  the  6th  Medical  Laboratory  on  Guadalcanal.  In  view  of  the  scarcity  of 
the  animals,  this  was  largely  restricted  to  cases  in  which  tuberculosis  of  the 
kidney  was  suspected. 

Hospitalization  and  care. — Few  officei’s  who  had  sjjecialized  for  a  long 
period  in  tuberculosis  were  on  duty  in  the  theater,  which  in  this  respect  was 
worse  off  than  tlie  Kuro|)ean  and  Mediterranean  theaters.  Because  of  the 
great  distances  involved,  the  consultant  system  was  not  used.  The  diagnosis 
and  treatment  of  tuberculosis  thus  depended  upon  the  judgment  and  general 
medical  ability  of  officers  in  the  various  installations. 

Patients  were  transferred  from  installations  where  the  diagnosis  was 
made  to  general  hospitals  in  the  theater  for  observation,  care,  and  disposition. 
Therapy  was  restricted  largely  to  rest  and  measures  directed  toward  improve¬ 
ment  in  general  nutrition,  supplemented  by  symptomatic  treatment  for  relief 
of  cough  and  pleuritic  pain.  Collapse  therapy  was  seldom  attempted,  since  it 
was  the  policy  of  the  theater  to  return  all  cases  needing  definitive  care  as 
promptly  as  possible  to  the  United  States. 

Special  problems. — Medical  officers  were  on  the  lookout  for  special  effects 
of  climate  and  otlier  a<lverse  conditions  peculiar  to  the  region. 

Climatic  conditions  were  highly  variable  throughout  the  area,  which,  at 
one  time  or  another,  extended  from  the  equatorial  latitudes  of  the  Bismarck 
Archipelago  to  the  Temperate  Zone  of  New  Zealand  and  from  the  150th 
meridian  of  east  to  the  150th  meridian  of  west  longitude.  The  majority  of  the 
troops  in  the  command  lived  under  tropical  and  semitropical  conditions  in  the 
Solomon  Islands  and  in  New  Caledonia,  although  a  certain  number  were  sta¬ 
tioned  in  New  Zealand  for  extended  periods  for  training  or  rest.  No  specific 
effects  attributable  to  the  climate  were  emphasized  by  medical  officers  in  the 
area. 

Service  in  these  regions  was  arduous.  Corresponding  with  the  number 
of  troops  involved,  the  amount  of  tuberculosis  discovered  was  highest  in  the 
infantry,  in  which  more  than  a  quarter  of  the  cases  detected  were  found.  It 
is  remarkable  that  the  next  highest  number  of  cases  were  discovered  in  per¬ 
sonnel  of  the  Medical  Department,  and  a  slightly  lower  number,  in  the  Corps 
of  Engineers.  These  three  branches  accounted  for  more  than  half  of  all  the 
cases  of  tuberculosis  discovered.  The  highest  rate  of  tuberculosis  recorded  in 
the  theater  Avas  during  the  period  of  most  intense  combat.  This,  however, 
was  a  period  Avhen  a  large  proportion  of  troops  that  had  been  relatively  poorly 
screened  in  the  United  States  were  on  duty  in  the  theater.®-  In  the  opinion 
of  the  reporting  official,  the  relatively  high  incidence  discoA^ered  in  the  first 
3  months  of  recorded  data  for  the  theater  (end  of  1942)  was  probably  the 
result  of  this  imperfect  screening  rather  than  the  unusual  seA*erity  of  the 
service  itself. 

LikeAvise,  no  specific  correlation  Avith  nutrition  Avas  discoA'ered.  Nutri¬ 
tion  was  in  fact  relatively  poor  at  the  time  (hat  the  troops  were  most  heavily 


^2  See  footnote  3,  p.  331. 
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engajjed  in  combat  and  the  incidence  of  tuberculosis  was  at  its  highest.  Some 
medical  officers  attempted  to  determine  if  tuberculosis  decrea.sed  after  im- 
pr--. /ement  of  the  diet,  which  consisted  largely  of  C  and  K  held  rations  in 
the  eiirliest  part  of  the  war,  but  no  signihcant  conclusions  in  this  res{3ect  could 
be  drawn.  Certainly,  nutrition  improved  enormously  after  the  hi-st  difficult 
period,  but  it  was  true  also  that  the  troops  chiefly  concerned  at  this  later  time 
had  been  subjected  to  much  better  screening. 

In  view  of  the  high  prevalence  of  malaria  and  other  tropical  diseases, 
a  number  of  medical  officers  attenjpted  to  determine  if  they  had  any  effect  in 
activating  tuberculosis.  Xo  speciflc  evidence  of  activ'ation  of  tuberculosis  as  a 
result  of  concomitant  malaria  or  other  disease  was  detected.  This  corresponds 
with  the  results  of  a  number  of  prewar  studies,  which  failed  to  show  any 
speciflc  connection  between  malaria  ami  depression  of  resistance  to  tubercu¬ 
losis. 

Mortality. — The  numlier  of  deaths  from  tulierculosis  in  the  theater  was 
e.xtremely  small.  In  the  theater  report,  only  five  fatal  cases  are  listed,  all  of 
them  of  acute  type.  The  death  rate  deduced  from  these  figures  was  1.3  per 
100,000  men  per  annum.  The  figure  merely  indicates  that  cases  of  ultimately 
fatal  issue  were  transferred  to  the  United  States  before  death  occurred. 

Evacuation. — All  patients  with  active  tubercidosis  of  any  part  of  the  body 
were  evacuated  to  general  hospitals  in  the  United  States.  A  total  of  1.58 
patients  were  evacuated  from  New  Caledonia  and  65  from  Guadalcanal.  In 
the  early  months  of  the  war,  a  few’  patients  were  sent  to  Melbourne,  Australia. 
Evacuation  was  ordinarily  by  direct  transfer  to  a  medical  installation  in  the 
United  States.  The  largest  number  of  transfers  was  to  Letterman  General 
Hospital,  San  Francisco.  (51111. 

Patients  with  active  pulmonary  tuberculosis  were  almost  invariably  evac¬ 
uated  as  strict  litter  patients,  whether  the  transfer  was  by  air  or  by  sea.  Pa¬ 
tients  w’ith  inactive  or  arrested  tulierculosis  and  those  with  involvement  of 
superficial  lymph  nodes  only,  as  well  as  a  good  many  cases  of  genitourinary 
and  other  forms  of  nonpulinonary  tulierculosis,  were  evacuated  as  ambulatory 
patients.  Evacuation  by  air  from  New  (.'aledonia  commenced  in  1043  and 
increased  notably  in  1944  and  1945.  However,  even  at  the  end  of  the  war, 
from  this  distant  area,  the  majority  of  patients  w’ere  returned  to  the  United 
States  by  ship.  Approximately  13  percent  were  returned  by  air.  Of  the  158 
patients  returned  by  shi})  from  New  Caledonia,  66  percent  were  litter  pa¬ 
tients.  23  percent  ambulatory  patients,  and  11  percent  troop-class  patients. 

SOUTHWEST  PACIFIC  AREA 

Incidence. — In  comparison  with  other  medical  problems,  tuberculosis  was 
considered  of  minor  military  significance  in  the  Southwest  Pacific  Area.®^ 
The  official  report  from  the  area  states; 

TlmpanelU,  Alphonse  K.  :  Tuberculosis  in  the  Southwest  Pncific  .\rea  (W’orld  War  II  ].  |()lfi- 

cial  record.] 
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*  *  *  lu  40, OCX)  iimtiiiuous  admissions  for  all  rausos  from  all  sections  of  tlie 

Southwest  Pacific  area  in  two  large  general  hospitals  operating  at  various  times  in 
three  sejierate  areas  in  New  (iuinea  and  the  Philipiiines,  only  04  cases  of  tuberculosis 
were  found  •  •  •.  Of  these  04  cases  studied,  02  were  instances  of  pulmonary  tuber¬ 

culosis  and  2  of  tuberculous  cervical  adenitis  without  clinical  pulmonary  involvement. 
Extra-pulmonary  tuberculosis  was  rarely  encountereti  in  the  area.  A  review  of  the 
pulmonary  cases  showed  that  12  were  diagnose<l  as  inactive  or  arrested,  33  as  minimal 
active,  10  as  imwlerately  advani-etl,  and  1  far  advanced.  None  of  the  patients  were  criti¬ 
cally  ill  and  none  ilied  in  the  theater. 

The  incidence  rates  for  tuberculosis  in  the  Southwest  Pacific  Area  and 
otlier  theaters  and  areas,  as  coiu[>utetl  in  the  Office  of  the  Surjjeon  (ieneral, 

(’HAur  21. — Incidence  of  tubereuloisiH  in  the  U.t<.  Army,  by  theater  and  year,  19^2-45 

[I’reliaiiiiary  datu  bused  on  |»eriodic  summary  health  reports] 

[Kate  expressed  as  number  of  cases  per  auniim  per  1,000  average  strength] 


CONTINENTAL 

U.S. 

.  /  / 


LATIN  AMERICAN 
AREA 


continental 

U.S. 


CONTINENTAL 

U.S. 


.  MEDITERRANEAN 
THEATER 


- -  1.0 


north  AMERICAN 

theater 


CONTINENTAL 

U.S. 

/ 


MIDDLE  EAST 


42  43  44  4S  42  43  44  48  42  43  44  45  42  43  44  45  42  43  44  45 


are  shown  in  chart  21.  The  rate  for  all  theaters  and  areas  during  World  War 
II  was  1.25. 

Diagnosis  and  care. — Medical  installations  in  general  were  provided  with 
X-ray  and  laboratory  facilities,  so  that  diagnosis  was  ordinarily  made  at  an 
early  stage.  Cases  discovered  in  forward  areas  were  evacuated  to  general 
hospitals  where,  in  most  instances,  one  or  more  members  of  the  medical  staff 
had  had  specialized  training  in  tuberculosis.  Laboratories  were  regularly 
equipped  for  examination  of  sputum  and  gastric  washings  and  the  determina¬ 
tion  of  sedimentation  rates. 

Special  medical  problems. — As  in  the  South  Pacific,  an  effort  was  made 
to  determine  if  climatic  conditions  or  prevalent  tropical  diseases  played  a 
role  in  the  activation  or  progress  of  tuberculosis.  No  evidence  was  found  that 
these  factors  played  any  part  in  ;ncreasing  the  incidence  or  severity  of  tuber- 
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ciilosis.  C'oinparative  studies  showed  that  prevalent  bacterial  infections  and 
parasitic  infestations  were  no  more  common  in  tuberculous  patients  than  in 
the  general  population  of  patients.  The  otticial  reporter  records; 

While  the  groups  of  patients  adinitteti  in  various  periods  from  areas  of  prolonged 
and  active  combat  showed,  in  general,  varying  degrees  of  undernutrition  and  physical 
exhaustion  and  a  greater  incidence  of  parasitic  infestation,  they  presentetl  no  more 
tuberculosis  than  was  seen  among  patients  from  service  forces  oi)erating  under  more 
favorable  conditions. 

Evacuation.- — Ca.ses  of  active  tuljercjdosis  were  evacuated  a^  ipidly  as 
possible  after  the  final  decision  was  reached  by  the  disposition  hoards  of  the 
hospitals  concerned.  Wherever  possible,  tuberculous  patients  were  transferred 
to  the  United  States  by  air.  It  was  felt  that  the  best  assurance  possible  for 
recovery  was  to  minimize  delay  in  the  initiation  of  definitive  treatment  in  a 
specialized  Army  medical  institution  in  the  Zone  of  Interior.  “In  the  few 
instances  in  which  evacuation  from  the  theater  for  old.  well-healed  pulmonary 
lesions  did  not  seem  warranted,  arrangements  were  made  for  periodic  exami¬ 
nation  and  evaluation.” 

In  general,  definitive  therapy  was  not  attempted  in  the  theater;  it  was 
felt  that  the  type  of  treatment  to  l)e  einjdoyed  in  individual  cases  should  be 
left  to  the  iiKstallation  charged  with  the  final  care  of  the  patient.  The  report 
states  further  that  “the  short  period  of  time  which  the  patient  spent  in  the 
oversea  theater  hospital  was  utilized  in  educating  him  in  regard  to  the  nature 
of  his  disease,  in  his  personal  care,  and  in  isolation  technique.  He  was  kept 
in  isolation  and  on  bed  rest  during  his  stay  in  the  hospital  and  en  route  to  his 
destination.” 

The  official  report  states  that  “air  travel  was  well  tolerated  by  patients 
in  all  stages  of  the  disease.  No  complications  incident  to  air  travel  arose  in 
patients  with  tuberculous  jndmonary  lesions.’’ 

The  average  i>eriod  of  hospitalization  between  diagnosis  and  evacuation 
was  18  days. 


WESTERN  PACIFIC  BASE  COMMAND 

Incidence. — The  official  report  for  this  command  states  that  about  0.6 
percent  of  a  series  of  approximately  18.000  medical  cases  were  diagnosed  as 
tuberculosis.  The  incidence  rate  in  the  command  for  the  period  June  through 
September  lOIa,  as  recorded  on  the  statistical  health  report,  was  about  1  per 
annum  per  1,000  average  strength.  The  great  majority  of  the  cases  were  of 
pulmonary  tui)erculosis.  In  addition,  there  were  a  few  ca.ses  of  genitourinaiw, 
miliary,  bone,  and  gastrointestinal  tuberculosis,  and  tubercidosis  meningitis. 

Diagnosis. — The  most  frequent  [)roblem  encounteixd  was  in  early  differ¬ 
entiation  of  tuberculosis  from  atypical  pneumonia.  Repeated  examination  of 
sputum  and  gastric  washings  for  tubercle  bacilli  in  many  cases  resulted  in  a 
diagnosis  that  could  not  be  made  on  the  roentgenogram  alone.  Bronchiectasis 
and  coccidioidomycosis  also  reqiiired  differential  diagnosis.  Cases  of  bron- 
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chiectasis  were  not  unconmiouly  seen,  but  were  not  accurately  diagnosed,  for 
tlie  medical  officei-s  in  the  area  were  reluctant  to  use  Lipioilol  because  of  }X)s- 
sible  future  confusion  on  reexamination  at  tuljerculosis  centers  in  the  United 
States.  Cultural  methods  were  einployeil  in  isolating  tubercle  bacilli;  guinea 
pigs  were  rarely  used  because  of  their  scarcity  in  the  theater.  The  standard 
methods  were  used  for  determination  of  activit3'  of  tuberculosis  as  bearing 
upon  disposition. 

Treatment. — ^^Vs  a  rule,  initial  treatment  only  was  attemj)ted.  The  j)rin- 
cipal  therapeutic  problem  was  whether  to  institute  pneumothorax  prior  to 
evacuation.  This  was  rarely  done,  because  of  (1)  uncertainty  concerning 
route,  mode,  and  speed  of  evacuahon,  (2)  uncertainty  whether  competent  per¬ 
sonnel  would  be  in  attendance  en  route  to  give  refills  and  hamlle  possible 
complications,  such  as  tension  piieumothorax.  and  (:5)  the  need  for  a  long 
period  of  bed  rest  and  observation  prior  to  institution  of  collapse.  Collapse 
was.  however,  induced  in  cases  of  persistent  hemorrhage,  cases  in  vchich  exca¬ 
vation  developed  in  rapidly  progressive  lesions,  and  cases  in  which  there  was 
reason  to  believe  adhesions  were  forming. 

Special  problems. — The  official  i-eport  stated  that  “*  *  *  no  medical  offi¬ 
cer  contacted  had  definite  basis  for  believing  that  the  tropical  climate  i)er  se 
inflitenced  the  development  of  tuberculosis,  although  it  was  a  factor  in  deter¬ 
mining  disposition  of  certain  cases  *  *  *.  Xor  could  the  type  of  military 
service  be  correlated  with  the  incidence  of  tubercrdosis.  Most  of  the  officers 
who  dealt  with  repatriated  prisoners  of  w’ar  l)elieved  that  their  poor  nutri¬ 
tional  status  undoubtedly  influenced  their  high  rate  of  tuberculous  infection.*’ 
The  subject  of  tuberculosis  in  recovered  prisoners  of  war  is  treated  elsewhere. 
It  will  be  noted  here  that  a  survey  of  troops  from  Iwo  Jima,  whei-e  supplies 
of  fresh  food  were  probably  least  adecpiate.  failed  to  demonstrate  a  clinical 
deficiency  status  that  could  be  correlated  with  the  progress  of  infectious  dis¬ 
ease  of  any  type.  Subclinical  vitamin  deficiencies  were  slight,  and  of  no 
greater  severity  than  were  seen  in  a  similar  group  in  the  Hawaiian  Islands. 

Evacuation. — Evacuation  by  air  was  considered  the  ideal  form  of  trans¬ 
portation.  but  was  not  available  as  often  as  was  desired.  Prior  to  evacuation, 
whether  by  sea  or  by  air,  sedation  wdth  barbiturates  was  given,  and  provision 
was  made  for  such  complications  as  spontaneous  pneumothora.x.  All  patients 
with  active  Uiberculosis  were  evacuated,  and  a  good  many  with  lesions  that 
were  without  symptoms  or  signs  and  appeared  to  be  inactive  on  X-ray  exami¬ 
nation  were,  nevertheless,  evacuated  to  the  United  States  because  medical 
officers  in  the  command  did  not  feel  justified  in  calling  such  cases  arrested 
without  prolonged  observation.  With  the  end  of  hostilities,  as  the  report 
notes,  the  tendency  of  the  theater  was  to  be  more  liberal  with  the  diagnosis 
of  inactive  tuberculosis,  and,  for  this  reason,  numerous  patients  of  types  pre¬ 
viously  forwarded  to  the  United  States  were  held  for  prolonged  observation, 
and  not  infrequently  returned  to  duty. 
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MIDDLE  PACIFIC 

Incidence. — The  ineideiu-eof  tnhereulosis  in  tlie  l^aeitie  Ocean  Area,  which 
consisted  of  the  combined  Central  and  South  Pacific  Areas,  is  shown  in  chart 
21.  A  sampling  comprised  of  admissions  in  the  Middle  Pacific  command 
during  the  first  11  months  of  1945,  shows  a  total  of  164,957  cases  of  disease  of 
all  types,  including  287  cases  of  tuberculosis,  or  0.17  percent  of  all  admissions. 

Diagnosis  and  care. — Nothing  unusual  in  diagnosis,  not  seen  in  other 
parts  of  the  Pacific  area,  was  noted  in  the  official  report  in  the  Middle  Pacific 
command.  Hospitals  in  the  Hawaiian  Islands  were  excellently  equipped,  so 
that  every  pr(K-edure  that  could  be  carried  out  in  the  Zone  of  Interior  was 
readily  available,  liecause  of  the  accessibility  of  six  excellent  general  hos¬ 
pitals,  definitive  care  was  instituted  more  frequently  than  in  the  more  remote 
areas  in  the  Pacific.  Active  cases  w’ere  transported  as  soon  as  convenient  to 
the  mainland.  As  in  other  parts  of  the  Pacific  areji,  medical  officers  concerned 
with  the  care  of  tuberculous  patients  did  not  attribute  any  particular  mani¬ 
festations  of  the  disease  to  climatic  peculiarities  of  the  region,  to  the  tyi^e  of 
service,  or  to  the  malnutrition  that  from  time  to  time  affected  substantial 
numbers  of  troops  in  combat. 

Evacuation. — The  majority  of  patients  with  tuberculosis  were  transported 
to  the  Zone  of  Interior  by  water,  except  that  those  who  were  sent  by  way  of 
the  Hawaiian  Islands  accomplished  this  part  of  the  journey  by  air. 

CHINA-BURMA-INDIA  THEATER 

Tuberculosis  in  military  personnel  was  not  considered  a  serious  problem 
in  the  India-Burma  theater.®^  The  consultant  in  medicine  in  the  theater  re¬ 
ported  that  334  cases  were  admitted  to  hospitals  there  between  the  first  of 
January  1944  and  the  end  of  July  1945.  The  annual  incidence  rates  per  1,000 
average  strength  and  numbers  of  cases  for  the  China-Burma-India  theater, 
based  on  preliminary  sample  tabulations  of  individual  medical  records,  are 


as  follows: 

Number 
of  case*  Hate 

1942  -  6  0.69 

1943  -  27  .68 

1944  _  157  .93 

1945  _  240  1.04 


On  the  other  hand,  Army  installations  in  the  China  and  the  India-Burma 
theaters  recorded  a  high  incidence  of  tuberculosis  in  Chinese  troops.  The 
great  majority  of  tuberculous  patients  in  U.S.  Army  hospitals  in  China  and 

34(1)  Blumgart,  Herrnian  L.,  and  Pike,  George  M. ;  History  of  Internal  Medicine  In  India- 
Burma  Theater,  p.  118.  [Official  record.]  (2)  The  U.S.  Forc<>B.  India-Burma  Theater,  was  created 
on  24  October  1944  by  dividing  the  U.S.  Forces.  China-Burma-India  into  two  separate  theaters — 
the  China  Theater  and  tlie  India-Burma  Theater. 
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Hurma  were  Chinese.  Because  of  this  high  incidence  and  the  notorious  lack 
of  sanitary  precautions  observed  by  sick  Chinese  soldiers,  medical  and  nursing 
personnel  in  these  hospitals  were  heavily  exposed  to  contagion.  Routine 
checks  by  the  48th  Evacuation  Hospital  of  hospital  i)ersonnel  failed  to  dis¬ 
close  cases  of  tul»erculosis  that  could  bt‘  traced  to  contact  in  the  theater. 
Since,  how^ever,  tuberculosis  is  slow  in  its  evolution,  and  years  may  elapse 
l)etween  infection  ami  manifest  disea.se.  it  was  recognized  by  administrative 
oflicei-s  of  these  hospitals  that  persons  who  had  been  employed  in  them  should 
l)e  carefully  observed  for  some  time  after  their  return  to  the  United  States. 

ALASKAN  DEPARTMENT 

From  time  to  time,  concern  was  expressed  over  the  extent  of  tul>erculosis 
in  Alaska.  Reports  fnun  units  in  the  Alaskan  service  called  attention  to  the 
excessive  admission  of  men  with  tulierculosis  through  the  enlistment  process 
at  Alaskan  stations,  where  facilities  for  the  detection  of  the  disease  were  in¬ 
adequate.  Attention  was  also  called  to  the  danger  of  e.\[)osure  of  servicemen 
to  tuberculosis  in  Alaska,  where  the  prevalence  of  the  disease  greatly  ex¬ 
ceeded  that  in  the  United  States.  During  the  war,  negotiations  were  under¬ 
way  for  the  construction  of  a  hospital  for  the  care  of  tuberculous  patients  in 
Alaska,  and  the  danger  to  servicemen,  through  contact  with  nonhospitalized 
cases,  was  cited  as  emphasizing  the  need  for  such  a  hospital.  The  number 
of  nonhospitalized  open  cases  in  the  territory  was  estimated  by  the  Office  of 
the  Surgeon  General  as  approximately  1,000  and,  although  the  distribution  of 
these  cases  was  unknown,  it  was  assumed  that  their  presence  in  communities 
where  troops  were  stationed  constituted  a  hazard  in  contagion.^®  In  addition, 
the  factor  of  exposure  to  harsh  climatic  conditions,  with  an  adverse  effect 
on  small  latent  or  unrecognized  tuberculous  lesions,  was  also  cited  as  reason 
for  special  consideration  of  the  problem  of  tuberculosis  in  the  Alaskan  De¬ 
partment. 

The  actual  incidence  rates  for  tuberculosis  during  the  war  years,  however, 
did  not  reflect  an  unusual  hazard.  The  annual  rates  per  1,(X)0  men,  based 
on  preliminary  summary  reports,  were  much  like  those  recorded  elsewhere: 

Number 

of  canes  Rate 


1942  -  81  1.61 

1943  _ 99  .86 

1944  _ 70  .84 

1945  _ 44  1.07 


Whether  evidence  of  infection  acquired  by  soldiere  in  Alaska  will  develop 
later,  could  not  be  predicted. 


•15  Memorandum,  Lt.  Col.  Kol)ert  .1.  Carpenter,  MC,  Executive  Officer,  Office  of  the  Surjteon  Gen¬ 
eral,  for  AHHlatant  Chief  of  Staff,  G-4,  attention :  Col.  Carroll  H.  Deltrlck.  GSC,  Calef,  Policy 
Branch,  15  Mar.  1944,  subject :  Hoapltallsation  for  Tuberculosis  Cases  in  Alaska. 
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LATIN  AMERICAN  AREA 

As  in  Alaska,  trmips  in  the  Caribliean  area  and  in  (Vntral  and  South 
America  served  in  rejiions  of  relatively  hijrh  prevalence  of  tnhercnlosis  in  the 
ItK'al  popnlation.  Also,  as  in  Alaska,  the  tnmps  on  duty  included  a  ^(md 
many  recruited  locally  from  a  territory  of  the  Cnited  States  where  the  preva¬ 
lence  of  tul)ercnlosis  was  hijrh;  for  example,  Puerto  Rico.  The  total  inci¬ 
dence  rates,  however,  np  to  the  end  of  the  war  did  not  furnish  evidence  of 
si>ecial  hazard.  The  annual  incidence  rates  per  1,000  average  sli'ength  and 
the  nnml)er  of  cases,  based  on  tabulations  of  individual  medical  records,  are 
as  follows: 

\  umber 
oj  cuKcn  Kate 


1QA2  _ 159  l.a; 

ISWa  _ 134  1.11 

1944  _  115  1.34 

1945  _  85  1.19 


MIDDLE  EAST 


As  the  number  of  troops  on  duty  in  the  Middle  East  was  not  large,  the 
rates  were  not  highly  signiticant.  Climatic  conditions  were  variable,  ami 
exposure  to  contagion,  as  reflected  by  the  mortality  in  the  l(H*al  popnlation, 
was  high.  The  heat  in  Iran  was  excessive  ami  made  it  impossible  for  troops 
on  duty  to  get  normal  rest.  The  annual  incidence  rates  per  1,000  average 
strength  and  the  number  of  cases,  base<l  on  tabulations  of  individual  medical 
records,  are  as  follows: 

X  umber 
of  ca^eg  Kate 

1943  _  3  0.50 

1943  _ 47  .89 

1944  _ 50  1.08 

1SW5  _ 30  .72 


FAR  EAST 

'Fhe  nnml)er  of  cases  of  tuberculosis  tleveloping  in  the  T*.S.  Army  in 
Japan,  between  the  date  of  initial  (nrupation  and  the  end  of  11)45,  Avas  A'eiy 
small.  Only  24  cases  Avere  recorded.  Avhich  yielded  an  animal  rate  of  0.24  per 
1,000  ])er  annum.  The  surgeon  of  the  occnjiying  forces.  hoAvcA'er,  in  a  later 
report  on  tuberculosis  in  Japan,  called  attention  to  the  prevalence  of  the  dis- 
ea.se  in  the  natiA'e  po|)nlation,  which  suggested  a  correspondingly  graA'e  ex- 
po.snre  of  troops  on  duty  in  the  islands.  The  annual  mortality  from  tuber¬ 
culosis  in  Japan  Avas  recorded,  on  the  basis  of  figures  obtained  from  the 
Japanese  Anti-Tnlierculosis  AsvSociation,  as  ranging  from  209  per  100,000  in 
1941  to  282  per  100.000  in  1940.  In  AueAv  of  the  knoAvn  great  deficiency  of 
beds  for  the  care  of  the  tuberculous  in  Japan,  it  may  be  assumed  that  large 
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numbers  of  open  cases  were  scattered  through  Japanese  communities  without 
isolation  or  care. 

During  1946,  the  hospital  a<  on  rate  for  tuberculosis,  as  recorded  in 
the  theater,  rose  notably.  Pai  iiis  rise,  however,  particularly  in  the 

months  of  June,  July,  and  Augu  ..  was  the  result  of  rapid  discovery  of  cases 
in  Philippine  troops  on  discharge  from  the  U.S.  Army.  As  the  report  indi¬ 
cates,  however,  rates  considerably  higher  than  those  for  troops  in  the  United 
States  prevailed  in  the  theater  at  the  close  of  1946. 

It  was  evident  that  the  problem  of  tuberculosis  in  troops  on  duty  in  the 
Far  East  was  serious.  It  was  complicated  by  the  presence  of  numerous  Phil¬ 
ippine  soldiers  among  the  occupying  troops,  a  group  with  a  relatively  high 
incidence  of  tuberculosis  as  compared  with  those  recruited  in  the  United 
States.  Continual  attention  must  l)e  given  in  the  future  to  the  factor  of  con¬ 
tagion  in  this  region. 


Part  III.  Particular  Aspects  of  the  Disease 
EXTRAPULMONARY  TUBERCULOSIS 

Extrapulmonary  tuberculosis  may  be  a  complication  of  pulmonary  tuber¬ 
culosis,  or  may  occur  in  the  absence  of  significant  pulmonary  disease.  Fig¬ 
ures  indicating  its  prevalence  in  the  general  population  are  based  on  mor¬ 
tality  records,  rather  than  incidence  during  life,  and  indicate  that  about  10 
percent  of  all  fatal  tuberculosis  is  predominantly  nonpulmonaiy.  In  the 
approximate  order  of  frequency  of  involvement  are  the  urogenital  tract, 
bones,  lymph  nodes,  serous  membranes,  and  other  sites,  such  as  the  adrenal 
glands.  In  many  cases,  the  contributing,  final  cause  of  death  is  miliary  tuber¬ 
culosis  or  tuberculous  meningitis.  The  position  of  intestinal  tuberculosis  is 
indeterminate.  In  the  great  majority  of  cases,  this  form  is  simply  a  compli¬ 
cation  of  pulmonary  tuberculosis,  but  not  infrequently  its  manifestations  are 
so  severe  that  they  dominate  the  clinical  picture,  so  that  death  is  reported 
as  due  to  intestinal,  rather  than  to  pulmonary,  disease. 

Nonpulmonary  tuberculosis,  the  scrofula  of  ancient  times,  is  most  preva¬ 
lent  among  primitive  peoples  and  those  whose  hygienic  environment  is  poor. 
It  is  also  frequent  where  the  alimentary  intake  of  tubercle  bacilli  is  common, 
as  in  localities  where  bovine  tuberculosis  is  widespread  and  milk  is  not 
pasteurized. 

Troops  of  the  U.S.  Army  met  both  of  these  conditions  overseas.  Among 
the  natives  in  the  Pacific  islands  the  scrofulous  types  of  tuberculosis  were 
relatively  common,  while  bovine  tuberculosis  was  frequent  in  the  British 
Isles  and  continentsil  Europe.  The  reasons  for  i)revalence  of  nonpulmonary 
tuberculosis  in  primitive  cultures  are  complex,  including  racial  factors  as 
well  as  habits  and  customs.  In  the  United  States,  as  a  result  of  a  combina¬ 
tion  of  circumstances,  nonpulmonary  tuberculosis  is  more  frequent  in  Xe- 
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ami  Indians  than  in  white  jieople,  and  tliis  fact  held  for  troops  of 
these  races. 

The  contajfion  of  nonpuhnonarv  tnUn-cnlosis,  even  nioiv  than  of  pul¬ 
monary  tuberculosis,  dei)ends  on  the  <doseness  of  contact.  Theiv  was  no 
reason  to  l)elieve  that  the  contacts  of  .Vmerican  tr<M)ps  with  a  population  in 
which  nonpuhnonarv  tulierculosis  is  more  common  tlian  in  the  Tnited  States 
would  lead  to  a  hijjher  incidence  of  this  ty])e  of  tuUurulosis  than  normally 
prevails  in  our  population.  Such  a  ivsult  would  imply  prolon«ri‘<l  intimate 
contacts,  as  by  adoption  of  primitive  customs,  such  as  eatinjr  from  a  common 
bowl  or  careless  skin  contacts  with  ojHMi  ulcei's  or  draininj;  sinuses  of  in¬ 
fected  |)ersons. 

On  the  other  hand,  infection  from  raw  milk,  particularly  in  the  Hritish 
Isles,  was  clearly  recojrnized  as  a  <lan»rer  from  the  outs«*t,  and  precautions 
ajraitist  it  durinj;  our  troops*  resi<lence  overstnis  were  taken  early. 

An  observation  made  in  the  courst‘  of  military  o|)erations  in  AVorhl 
War  I  is  |>ertinent."‘  The  American  patholojrist,  Maj.  Eujrcne  L.  Opie, 
M(',  stationed  in  France,  calleil  attention  to  the  fact  that  calcified  tuliercu- 
losis  of  jirimary  infe<‘tion  was  very  fre<juently  observed  in  the  mestmteric 
lymph  nodes  of  Hritish  troops,  indicating  an  alimentary  •irijrin,  presnmahly 
hy  in^.stinjr  infected  milk.  In  the  l)o<lies  of  Americans,  in  marked  contrast, 
primary  infections  were  almost  always  in  the  luiifis  or  tracheobronchial 
lymph  nodes,  and  so  presumably  had  In'en  acipiired  by  inhalation  of  tulH>rcle 
bacilli. 

Hy  far  the  jrreatest  amount  of  the  milk  consumed  oti  Army  i>osts  over- 
.seas  was  dried  pa.steurized  milk  ship|)ed  from  the  United  States.  Then*  was 
always,  however,  some  danjrer  from  milk  from  private  sources.  In  the  early 
months  overseas,  some  of  the  Ked  (’ross  canteens  .served  local  milk,  the  safety 
of  which  was  not  assured.  I^ater,  alM)ut  February  1943,  this  ])ractice  was 
stopped  entirely.  The  U.S.  Army  Veterinary  C’orps  in  the  Hritish  Isles  was 
constantly  on  the  alert  for  danger.  Up  to  July  1542,  the  I'.S.  Army  was  on 
the  Hritish  ration,  which  inchuled  milk  from  certain  approved  sources.  The 
Veterinary  Corps  came  to  the  conclusion  that,  in  spite  of  a  variety  of  pre¬ 
cautions,  “there  were  t<H)  many  hazarxls  involved  for  its  general  use."  ('ir- 
culars  No.s.  40  and  72,  Headquarters,  Etiropean  Theater  of  Oj^erations,  dated 
o  September  and  10  Noveml)er  1542.  respe<’tively.  sharj)ly  ivstricted  purchase 
of  milk  and  imiwsed  rigid  standards  with  ivspect  to  the  souive.  Relatively 
few  sources  satisfied  these  standards:  ^^^^^[uently,  after  the  early  months, 
little  Hritish  milk  was  consumed  in  the  official  ration,  (^msumption  of  raw 
milk  by  soldiers  in  the  homes  of  friends  could  not  l)e  so  well  controlled,  and 
some  infection  may  have  been  transmitted  in  this  way.  but  the  total  hazard 
was  not  great,  as  i-elatively  little  milk  was  available  to  the  general  ])opulation. 

Opio,  E.  L. :  First  Infection  With  TnborcuIo«l(»  By  Way  of  tho  Intostinal  Tract.  .\ni.  Rev. 
Tuberc.  4  :  641-648.  November  1920. 
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Since  tul)ercuIosis  is  u  disease  of  slow  ilevelopment.  it  is  not  easy  to  de¬ 
termine  the  source  of  infection  in  a  jriven  case.  Disease  ac<juired  overseas 
may  not  become  manifest  for  several  yeai-s.  Thei'efore,  it  is  not  known  how 
mu<“h  nonpulmonan'  tuberculosis  observed  in  American  troops  orijrinated 
there.  It  can  only  l)e  said  that  the  incidence  (of  forms  other  than  pleuritis) 
showed  no  rise  befoi-e  the  end  of  the  war.  The  overall  rates  i)er  l.tHK)  for 
the  total  Army  for  all  forms  of  nonpulmonary  tubeivulosis,  includinfr  tuber¬ 
culosis  of  the  larynx,  trachea,  bronchi,  and  pleura,  for  the  years  1042,  1043. 
1S)44,  and  1045,  were  0.13,  0.13,  0.17,  and  0.23.  i-esj)ect  ively .  Tubeivulosis  of 
the  pleum  is  of  special  interest  and  is  consitlered  under  the  next  heading 
and  elsewhere  in  this  account.  Figures  for  the  incidence  of  the  other  more 
common  forms  of  nonpulmonary  tul)erculosis  are  presented  in  table  40. 


Table  40. — Incidence  of  nonpulmonary  luberculosis  (excludes  pleural  tuberculosis)  in  the  U.S. 

Army,  t943-4o 


(I’rellminary  data  based  on  sample  tabulations  of  inilividual  medical  reconl!!] 
(Rate  expressed  as  number  of  eases  per  annum  tier  1,000  average  strenetb] 
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19 

.01 
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.02 

Skin . 
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.01  1 

5 

.00 

9 

.00 
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.00 

90 

.01 

(iomTallioii  miliiiry . 

133 

.01 

22 

.01 

4S 

.01 

.53  1 

.01 

10 

.00 

Meningitis . 

113 

.01 

19 

.01 

23 

.no 

56  1 

.01 

45 

.01 

Other' . 

,04  ' 

i 

'214 

.07 

242 

.04 

242 

.03 

230 

.03 

'  Excludes  tuberculosis  of  trachea  and  of  bronchi  in  1942  and  1943.  Durinc  1942-43,  these  two  conditions  were  coded 
to  pulmonary  tuberculosis.  In  1944  anti  1945  there  were  30  and  45  cases,  respectively,  which  have  been  includetl  in  the 
"other''  category. 


Differences  in  incidence  overseas  and  incidence  in  the  Zone  of  Interior 
were  not  significant,  and  accordingly  combined  figures  for  the  total  Army 
are  given.  The  total  amount  of  nonpulmonary  tuberculosis,  other  than 
tulierculous  pleuritis,  was  between  5  and  15  percent  of  all  tulierculosis  re¬ 
ported  each  year,  a  figure  approximately  the  same  as  that  for  the  civilian 
population.  It  should  be  noted  that  the  methods  of  exclusion  of  nonpul¬ 
monary  tuberculosis  at  induction  were  inferior  to  the  X-ray  jirocedure  for 
detection  of  pulmonary  tuberculosis.  It  liecame  evident  in  retrospect  that 
small  lesions  of  the  epididymis  not  infrequently  escaped  notice,  and  tulier- 
culous  superficial  lymph  nodes  were  also  not  conspicuous  enough  in  many 
instances  to  be  noted  in  the  course  of  the  usual  rapid  induction  examination. 
Tuberculosis  of  the  kidney  was  frequently  evident  on  the  basis  of  symptoms, 
history,  or  presence  of  pus  in  the  urine,  but  some  cases  in  an  early  stage  were 
certainly  undetected. 
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Kai'iul  tlilfeiviKvs  with  res|)ect  t«  nonpuhiioiuiry  tubei'culosiis  aiv  tlis- 
cusssed  in  the  section  on  “Mortality  From  Tuberculosis."  Aronson's  studies^’ 
indicated  that  urojienital  tul»erculosis  was  moi-e  common  in  the  white  race, 
and  tul)erculosis  of  the  lymph  lunles.  of  the  serous  membranes,  and  of  the 
l)ones  was  moiv  common  in  Xegi^oes. 

PLEURISY  WITH  EFFUSION 

Special  interest  is  attached  to  the  subject  of  tul>erculous  pleurisy  with 
effusion,  because  of  the  indications  discoveretl  bv  Canadian  medical  officere 
that  this  form  of  tuberculosis  in  soldiers  was  a  manifestation  of  recent  pri¬ 
mary  tuU'rculosis  in  a<lult  life,  occurring  with  parti<‘ular  frequency  in  troops 
from  parts  of  Canada  with  a  low  mte  of  exposure.  Fij'Uivs  for  the  U.S. 
Army  are  more  difficult  to  analyze  in  this  resjxvt  than  those  for  the  ("ana- 
dian  Army,  but  there  are  some  indications  that  a  similar  phetuunenon  oc¬ 
curred  (pp.  403-105). 

The  medical  treatment  of  pleurisy  with  effusion  in  the  Army  was  vari¬ 
able.  There  was  a  tendency,  particularly  in  ovei'sea  theaters,  where  demand 
for  |)ersonnel  was  critical,  to  return  men  to  duty  after  complete  al»sorption 
of  Huid  and  a  inniod  of  hospital  convalescence  and  rest.’’'*  In  an  appreciable 
numlH‘r  of  cases  of  frank  pulmonary  tuberculosis  that  develo|)ed  in  the  Army, 
clinical  history  di.s4.*losed  a  previous  attack  of  pleurisy  with  effusion.  In  the 
Zone  of  Interior,  the  medical  rule  that  pleurisy  with  effusion  should  l>e  con¬ 
sidered  tul)erculous  if  no  other  etiolojry  could  1h*  proved  was  {jenerally,  al- 
thoufxh  not  invariably,  followed,  and  many  soldiers  with  effusion  were  stmt 
to  the  Army  hospitals  used  as  tulHU’culosis  centers  and  ultimately  were  dis- 
charjred  on  certiKcato  of  disability  as  tul)eiTulous.  Clarification  of  pr<K*e- 
<lure  was  brought  about  by  Til  MKI)  (War  Department  Technical  Bidletin) 
71,  dated  ‘iS  July  1044,  and  Chanjre  1,  dated  ‘iO  Noveml)er  1040.  in  which 
the  tulHurulous  nature  of  the  disease  was  emphasized,  instructions  for  diaj;- 
nosis  given,  and  principles  for  dis[H>sition  set  forth. 

In  104*2  and  1043,  tuberculosis  of  the  pleura  was  coded  with  pulmonary 
tul)erculosis,  with  pleurisy  as  an  asswiated  di.sease.  In  1044  and  1045,  sepa¬ 
rate  specific  accounting  was  made  of  clearly  diagnosed  tid)erculosis  of  the 
pleura  and  serofibrinous  pleuritis  of  undemonstrated  origin  (table  50).  The 
figures  for  these  2  yeai*s  may  therefore  l)e  used  as  suitable  for  comparing 
j)le>irisy  with  effusion  with  pulmonary  tulx‘rculosis.  and  the  wcurrence  of 
pleurisy  with  effusion  in  troops  overseas  and  in  the  United  States. 

It  Avill  l)e  noted  that  tJie  nife  was  appreciably  liigher  in  troops  ovei-seas 
than  in  tbo.se  in  the  United  States,  where,  it  will  be  recalled,  the  admission 
rate  for  pulmonary  tuliercidosis  was  higher  than  in  troops  overseas  (chart 
18).  However,  great  significance  should  not  be  attached  to  this  apparent 

sn  Aronson,  J.  D. :  Tho  t)c»’nrronfo  and  Anatomic  Characteristics  of  Fatal  Tuberculosis  in  the 
U.S.  Army  Diirlni;  World  War  II.  MU.  Surpeon  90:  ■191-303,  November  19-16. 

.'is  See  footnote  29.  p.  S.'tC. 
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discrepancy.  The  advent  of  pleurisy  with  effusion  is  jUfenerally  sudden  and 
dramatic  with  fever,  pain,  and  other  symptoms;  the  diagnosis,  therefore,  is 
relatively  early  and  easy.  Pulmonary  tul)erculous  infiltration,  on  the  other 
hand,  is  usually  insidious  in  jrigin  and  diagnosis  on  a  symptomatic  basis, 
relatively  late.  It  is  quite  reasonable  to  supjmse  that  almost  all  of  the  sero¬ 
fibrinous  pleurisy  developing  overseas  was  diagnosed  there,  whereas  pul¬ 
monary  tuberculosis  acquired  overseas  in  many  instances  was  not  detected 
until  the  return  of  the  afflicted  soldiers  to  the  United  States. 

Table  50. — Incidence  of  luberculoaia  of  pleura  and  aerofibrinoua  pleuritia  in  the  U.S.  Army, 

19U-AB 


[Rate  expresscil  as  number  of  esises  per  annum  per  1,000  averafie  strenictb] 


Catc'gory  Total  Anny 

Continental 
I'nited  States 

Outside 
continental 
I'nited  States 

1944  i 

Tuberculosis  of  pleura .  . .  391  | 

Serofibrinous  pleuritis . . .  3,  320 

75 
1,  500 

316 

1,  r20 

Total  cases . . ,  3,  7 1 1 

1,  575 

2,  1.36 

Total  rate . . .  0.  48 

0.  40 

0.  56 

1945  ' 

Tuberculosis  of  pleura . . .  745 

Serofibrinous  pleuritis _ _ i  2,  520 

160 

900 

! 

585 

1,620 

Total  cases- . .  3,265 

1,  060 

2,  205 

Total  rate _ _ _ _  0.  44 

0.  36 

0.  50 

All  clinical  exiierience  indicates  that  the  prognosis  of  cases  of  pleurisy 
with  effusion,  even  without  radiologically  demonstrable  pulmonary  infiltra¬ 
tion,  is  doubtful  for  at  least  5  yeare.  Texts  and  articles  on  tlie  subject,  in 
general,  emphasize  the  fact  that  25  to  50  percent  of  the  cases  of  effusion 
inadequately  treated,  that  is,  not  subjected  to  a  period  of  rest  of  several 
months  following  alisorption  of  the  fluid,  develop  pulmonary  tuberculosis 
within  5  years;  thereafter,  the  incidence  is  like  that  in  the  general  population 
of  corresponding  age.^®  The  Army  figures  cannot  be  expected  to  reveal  the 
total  incidence  of  pulmonary  tuberculosis  developing  in  cases  of  pleurisy 
with  effusion,  for  the  critical  5-year  period  had  only  commenced  in  the  ma¬ 
jority  of  cases  when  demobilization  began.  It  is  possible  that  men  who  had 
had  short  attacks  of  pleurisy  with  effusion  and  were  returned  to  duty  with- 

.■»(!)  ThonipKon,  B.  C. :  I’lithogencsls  of  Pleurisy  With  Effusion ;  A  Clinical,  Epidemiological 
and  Follow-up  Stucl.v  of  11*0  Cases,  Am.  Rev.  Tiiberc.  54  :  349-363,  October-November  1946.  (2) 

Thompson,  B.  C. :  Prognosis  of  Primary  Pleurisy  With  Effusion.  Brit.  M.J.  1 :  487-488,  12  Apr.  1947. 
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out  ivsiilua,  aiul  ultinaUely  tlis«*liar;;t*tl  fnau  the  Army  with  nejjative  X-ray 
films  of  the  chest  or  no  anomaly  other  than  a  c-ostal  «lia|)hra<rmatic  a«lhe- 
sion,  may  yet  develop  pulmonary  tulaMvidosis  as  a  ivsult  of  the  infe<*tion 
manifested  orijrinally  only  hy  the  pleurisy,  (’are  and  com|M‘nsation  in  these 
cases  will  l)e  adjiulication  problems  for  the  futuiv. 

As  has  l)een  iM)inted  out.  in  the  various  theaters  the  rate  of  atlmission 
for  seroHhrinous  pleurisy  in  the  Army  was  «renerally  2'}  to  .’{(>  ]x>rcent  of  the 
rate  of  admission  for  pulmonary  tulterculosi.s.  In  view  of  the  probable  tulM*r- 
ctdous  nature  of  the  jrreat  majority  of  <‘ases  of  effusion  in  which  tul»erculosis 
could  not  U‘  une<]uiv<H*ally  ilia"nose<l  by  lal)oratory  methods,  it  mijrht  seetti 
approiu'iate  to  add  the  admissions  of  serofibrinous  pleurisy  to  thost'  for  pul- 
tnonary  ttilH‘n-ulosis  to  arrive  at  a  true  rate  for  the  latter.  This  would  not 
l)e  accurate,  however,  as  thetv  wouhl  1k‘  a  not  insi«rnificant  duplication  of 
cases.  Men  with  a  ilia^nosis  of  j)leurisy  with  effusion  in  the  admission  ivc- 
ords  who  ivturned  to  tluty  after  re«“overy  were  stihsequently.  in  an  undeter¬ 
mined  number  of  cases,  {riven  another  <lia«rnosis,  ami  enteretl  in  the  medical 
statistics  of  the.  .Vrmy  as  patients  with  pulmonary  tul)ercnlosis. 

In  summary,  it  appears  warrante<l  to  believe  that  ttiWrculous  pleurisy 
did  oc«  ur  more  fre<piently  in  tr<M>[>s  servin{r  overst'as  than  in  those  who  itever 
left  the  Tnited  States,  and  it  seems  reas<mahle.  even  with  due  allowattce  for 
{Ttvater  [diysical  strain  and  other  factors  that  mi{rht  he  i)ertinent,  to  attribute 
the  {Treater  fre<)uett(*y,  as  di<l  the  ('anadians.  to  the  {Treater  e.\iM)sure  over¬ 
seas.  where  civilian  populations  weiv  more  heavily  infecMed  than  in  the  I'niteil 
States.  Much  ftirther  tvsearch,  takin{T  info  acc'ount  the  a{Te  and  home  resi¬ 
dence  of  soldiers  who  develo|H>«l  tul)erculotis  pleurisy  with  effusion,  will  Ix' 
needed  to  sup|M)rt  the  ('anadian  view  that  the  majority  of  (“ases  of  effusion 
represented  recent  primary  tuberculous  infections. 

The  American  experience  also  indicates  the  necessity  for  a  lon{T-ran{Tt* 
view  of  the  pro{Tnosis  of  pleurisy  with  effusion,  with  reco{Tnition  not  ttierely 
of  immediate  necessities  for  man|M)wer,  hut  also  the  <|uestionahle  pro{Tnosis 
in  the  lonjr  inn.  cf  meti  seemin{Tly  recoverin{T  without  residua  and  ivturne<I 
to  military  duty. 

SPONTANEOUS  PNEUMOTHORAX 

The  view  once  prevailed  that  the  {Treat  majority  of  cases  of  sixmtaneous 
pneumothorax  were  complications  of  ptdmonary  ttilx‘rculosis.  In  in  his 

lextlxmk  on  tul)erculosis,  Fi.shlK*r{T expresse<l  the  {reneral  opinion  that  HO 
percent  of  cases  were  in  that  cate{Tory.  Suhse<ptent  invest i{Tat ion  showed 
spontaneous  pneumothorax  to  lx*  not  uncommonly  an  inde|x>ndent  develop¬ 
ment.'"  Such,  as  seen  in  the  Army,  it  was  usually  found  to  l)e. 

•«*  FlHhberp.  Maurice:  ruliiionnry  Tnberx’iiKisis.  Volume  I.  Ktiolocy.  l*nthoi;eiie!)iN.  Symptomn- 
tolo(ty.  Roentp'nology.  Cllnlciil  Forma.  4lh  edition.  I’iiilnclelphin  :  I<**n  &  Fehl(;*‘r.  lft.^2. 

o  For  a  atudy  of  .’18  caaes.  bibliography,  and  diaeiiasioii  of  pathogeiieaia  aee  Ornateln.  (>.  (>..  niul 
I.ercher.  I..  :  Spontaneoua  Fneumolborax  in  .Vpiuirently  Ili'nlthy  Individuala.  Clinical  Stmiy  of 
Fifty-eight  Caaea  With  a  Diacuaalon  of  the  I’nthogeneaia.  Quart.  Bull..  Sea  View  Iloap.  7:  14!t  187. 
April  1942. 
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During  the  years  11)42  to  11)45,  inclusive,  3,831  adniissiuns  to  Army  Iios- 
pitals  for  spontaneous  pneumothorax  were  recorded.  The  great  majority 
were  nentuberculous.  This  number,  in  a  total  of  approximately  11  million 
men.  represented  about  1  case  per  2,700  men  in  the  cumulative  exjierience  of 
4  years. 

The  incidence  of  spontaneous  pneumothorax,  as  indicated  by  rates  of 
admission  and  readmission  for  the  continental  United  States  and  the  oversea 
theaters  during  the  4  war  years,  is  presented  in  table  51. 

Table  51. — Admissions  and  readmissions  for  spontaneous  pneumothorax  in  the  U.S.  Army, 

by  area  and  year  of  admission.  1942-4S 


[Preliminary  data  based  on  sample  tabulations  of  individual  medleal  records] 

I  Kate  expressed  as  number  of  new  admissions  per  imnum  i>er  1,000  average  strength] 


Year  and  area  of  admission 

Admissions 

Keadmissions 

Xumljer 

Kate 

1942 

i 

1 

Continental  United  States . . . . . 

384 

0.  14 

8 

Outside  continental  United  States . . 

56 

.  10 

Total  Army . . . . . . . 

440 

! 

0.  14 

* 

1943 

1 

Continental  United  States . .  . . 

930 

0.  18 

25 

Outside  continental  United  States.  . . 

163 

.  10 

2 

Total  Army.. . . . . . . . 

1,093 

0  16 

27 

1944  i 

Continental  United  States _  _ _ _ 

805 

0.  20 

15 

Outside  continental  United  States . .  .  .. 

353 

.  09 

6 

Total  Army _  _ _  _  ..  ..  _ 

1,  158 

0.  15 

21 

1945 

■M 

Continental  United  States  _ _ _ _  _ _ 

585 

20 

Outside  continental  United  States _  _  ... 

555 

Total  Army.. _  _  .  .  ........ 

1,  140 

20 

1942-45 

Continental  United  States..  .....  ...  . 

I  2, 704 

68 

Outside  continental  United  States _  .  .  ..  .1 

1,  127 

.11  ! 

8 

! 

Total  Army .  . .  .  _  ..  .. 

3,831 

0.  15 
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As  the  ii^uivs  show,  the  :uliuissi«)ii  rate  oversi'as  was  eoiisistently  less 
than  in  the  United  States,  a  faet  jxM’haps  merely  indieatin<r  that  a  soldier 
predisposed  to  spontaneous  pneumoihorax  hy  analoinieal  tiefect  or  other 
canse  was  likely  to  develop  it  in  his  early  Army  tniinin*;  if  at  all. 

In  10411,  when  there  weiv  IKIO  hospital  admissions  in  the  fontinental 
Uniletl  States  for  this  «‘aii.se.  ami  me«lieal  ollleers  weiv  in  «lonht  as  to  proiier 
treatment,  the  Snln'ornmittee  on  TnlK'nadosis.  National  Ileseareh  Uonneil,  was 
asked  to  study  the  .suhjeet  and  make  ive<nnmemlat ions  on  treatment.  This 
mpu'st  residted  in  the  publication  of  a  d<H>ument  hy  the  Oflice  of  Medi<’al 
Information  of  the.  Division  of  Me<lical  Sciences,  National  Kes«>arch  ('ouncil, 
which  was  jriven  wide  distribution  in  U.S.  Army  medical  installations.'*-  At 
the  same  time,  an  article  was  published  in  the  liulhtin  of  tho  f'.S.  An,i>/ 
Mt'dlrttl  Di  jun-imcot  callin';  attention  to  the  freipiency  «)f  spontaneous  pneu- 
mothora.K,  the  deficiencies  in  pivsent-day  fivatment.  the  need  for  individuali¬ 
zation  in  treatment,  and  the  danj;t‘rs  inhemit  in  the  several  methods  avail- 
able.'*''*  The  m»te  pointed  out  that  up  to  the  time  of  its  writinj;.  spontaneous 
pneumothorax  had  Ikmui  consideml  of  suflicient  j;ravily  to  warratU  .separation 
from  the  service  in  IT)  inurent  of  cast's  ami  that  the  average  duration  of  hos¬ 
pitalization  for  this  condition  had  Ikhmi  4b  days. 

In  the  tlocument  published  by  the  National  Research  (Vmncil,  a  usefid 
classification  was  f;iven,  with  pertinent  material  on  tliaf^imsis  and  \)roj;imsis. 
The  relation.ship  to  bullae  in  the  lunj;  was  indicated,  althou^rh  it  is  known 
that  very  fre<piently  such  bullae  cannot  1h‘  demonsf ratetl  durinf;  life  by  any 
radiological  or  other  method,  (^mservati.sm  in  tivatment  was  recotnmended. 
Prompt  hospitalization  was  re<{uiivd,  with  avoidance  of  physical  effort.  Spe¬ 
cial  warnin};  was  j;iver  ajjainst  transjiortation  hy  air.  It  was  noted  that  the 
air  in  the  pleural  space  is  absorln'd  spontaneously  in  most  ca.ses  within  a  few 
weeks.  Aspiration  at  short  intervals  may  be  desindde  for  a  few  days  at  the 
start. 

The  chief  problem  in  spontaneous  pneumothorax  in  the  .Vrmy  was  re- 
eurivnce.  Wa  rin*;^  review  of  the  literature  imlicated  recurrence  in  It)  to  2b 
peivejit  of  cases.  .Most  of  the  <lis<'har«;es  from  the  .Vrmy  for  s|Mmtaneons 
pneumothorax  were  for  recurivm’e  or  |M*rsistence.  In  many  of  these  cases. 
vari«)us  metlnxls  of  obliteratin;;  the  pUmral  space  to  prevent  recurrence  were 
tried.  'Pwo  that  met  with  some  success  weiv  injection  of  whole  blood  from 
the  patient  ami  insutllation  of  ])owdeivd  tale.  In  Warin«;*s  rej)ort,  the  dan- 

Wurlnjr.  .1.  :  S|ionIiHH‘«>iis  l*ii)>uiiiiinii>rn\.  Offli-,*  of  Mi'dicnl  Iiiforiiiiitlon.  Division  of  Mcdl- 
ciil  Soloni-os,  Niinoiuil  Ki'sciirch  Coimcil.  .Inly  lim. 

■w  ( I )  IVnso.  1’.  I’.,  Stoiior,  I,.  <5..  mill  Clia|>iii)iii.  \.  S. :  S|ioiitn noons  I'neninotliorii\  in  Solillors. 
Unit.  TT.S.  .Vniiy  M.  Doi  '.  No.  S'J  :  loi!  107,  Xovonilwr  11M4.  CJ)  Spontiinoons  I’ni'iiinotliornv.  Iltill. 
I'.S.  .Vmiy  M.  I'opt.  No.  SU  :  -!i.  XovomlM-r  1044. 
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gers  of  induced  "chenucal  pleuritis.”  particularly  uncomrollable  thickening 
of  the  pleura,  were  discussed."*^ 

In  general,  the  Army  experience  indicated  that  sjjontaneous  pneumo¬ 
thorax  is  a  not  uncommon  phenomenon;  that  it  is  favored  by  exertion,  but 
may  occur  independently  of  any  physical  strain;  that  recurrence  is  not  infre¬ 
quent  and  may  necessitate  discharge;  and  that  individualization  is  necessary 
in  treatment.  Account  was  taken  of  its  inq>ortance  for  induction  by  the 
requirement,  in  late  revisions  of  *\.rmy  Regulations  pertaining  to  physical 
standards,  including  Mobilization  Regulations,  that  men  with  a  verified  his¬ 
tory  of  spontaneous  pneumothorax  within  3  years,  or  recun-ent  spontaneous 
pneumothorax  at  any  time,  should  be  excluded  from  service. 

MORTALITY  FROM  TUBERCULOSIS 

F'igures  on  mortality  from  tuberculosis  in  the  Army  are  not  liighly  sig¬ 
nificant.  Active  tuberculosis  was  rarely  compatible  with  return  to  active  duty, 
and  accordingly  Army  Regulations  required  discharge  of  patients  after  diag¬ 
nosis  and  such  initial  hospitalization  as  was  necessai'y  to  insure  the  best  re¬ 
sults  in  a  Veteraius'  Adminiauation  hospital  or  civilian  hospital  after  dis¬ 
charge.  It  was  specifically  .stated  in  AR  (Anny  Regulations)  615-361,  14 
May  1947,  liowever,  that  moribund  cases  were  not  to  be  discharged.  Hence, 
the  deaths  tliat  occurred  from  tuberculosis  in  the  Army  represented  cases  in 
which  the  disease  was  far  advanced  on  discovery,  acute  in  its  progression,  or 
first  diagnosed  and  hospitalized  in  regions  where  early  evacuation  was  not 
possible. 

During  World  War  II,  the  annual  mortality  from  tuberculosis  in  the 
Army  averaged  about  3  per  100,000  while  in  the  civilian  population  of  cor¬ 
responding  age  the  rate  was  about  50  per  100,000.  The  corresponding  figures 
for  World  War  I  wei-e  67  in  the  military  population  and  over  150  per  100,000 
in  the  civilian  population. 

The  incidence  and  characte”  of  fatal  hd>erculosis  in  the  Army  formed 
the  subject  of  a  special  investiganon,'*''  in  which  comparison  was  made  of  the 
patholog}’  of  the  disease  in  white  and  in  Negro  troops.  In  general,  the  evi¬ 
dence  favored  the  view  that  the  Negro  race  has  a  lower  inherent  resistance  to 
tuberculosis  than  the  white  race,  for,  in  spite  of  approximate  uniformity  of 
environment,  Negro  troops,  representing  only  10  percent  of  the  population 
of  the  Army,  contributed  43,4  percent  of  the  deaths  from  luberculosis.  LTn- 
usual  differences  were  not  observed  in  the  extent  or  character  of  tuberculosis 

44  (1)  Sw  footnote  42,  p.  ;}74.  (2)  For  a  further  discussion  of  the  treatment  of  spontaneous 

pneumothorax  see  Blades,  Brian  B.,  Carter,  B.  Xoland,  and  DeBakey,  Michael  E. :  Surtrical  Aspects 
of  Diseases  of  the  Chest.  In  Medical  Department.  United  States  Army.  Surgery  in  World  War  II. 
Thoracic  Surgery.  Volume  IX,  ch.  X.  [In  preparation) — ^J.  B.  C.,  Jr. 

45  See  footnote  .^7.  p.  .370. 
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in  the  different  orgjuus  in  the  two  races.  Hijjhly  destructive  tuberculosis  was 
somewhat  more  frequent  in  the  lun^  of  Nej^ro  than  in  white  troops,  and 
healed  tuberculosis  was  a  moi-e  common  incidental  finding  in  M'hite  than  in 
Negro  troops.  In  white  soldiers,  the  central  nervous  system  and  genitouri¬ 
nary  organs  were  more  commonly  affected  than  in  Negro  troops,  and  in  the 
latter  there  was  higher  incidence  of  tul)erculosis  of  lymph  nodes,  bones,  and 
peritoneum.  Tuberculous  meningitis  was  slightly  more  common  in  Negro 
than  in  white  soldiers. 

In  both  races,  the  duration  of  the  disease  appeared  remarkably  short  as 
compared  with  that  in  the  civilian  population.  The  reason  for  this  has  al¬ 
ready  been  given;  namely,  the  likelihood  of  discharge  of  chi*onic  cases  before 
deatlv  could  occur.  A  relatively  high  incidence  of  fatal  tuberculosis  occurred 
in  recovered  prisoners  of  war  who  had  suffered  privations  for  many  months 
in  prison  camps  overseas. 

Although  the  mortality  from  tuberculosis  among  troops  actually  in  serv¬ 
ice  does  not  yield  statistically  significant  figures,  such  figures  can  be  obtained 
by  combining  the  mortality  totals  for  the  military  population  in  service  and 
discharged.  Figures  so  compiled  indicate  that  a  steady  rise  has  occurred  in 
the  mortality  from  tul)ercnlosis  in  the  group  of  men  accepted  for  service  in 
the  Army  since  the  beginning  of  World  War  II.‘‘®  During  1942,  the  com¬ 
bined  rate  for  troops  in  service  and  troops  previously  discharged  was  ap¬ 
proximately  3  per  100,000  per  annum;  thereafter,  it  rose  to  6  in  1943,  10  in 
1944,  and  12  in  1945. 

This  steady  rise  indicates  that  tuberculosis  continued  to  increase  with 
time  in  a  group  generally  well  screened  by  X-ray  examination  before  induc¬ 
tion.  There  is  reason  to  believe  that  the  rise  was  due  to  several  factors,  in¬ 
cluding  slow  and  ultimately  fatal  development  of  previously  unrecognized 
disease  present  at  the  time  of  acceptance  and  the  acquisition  of  infection 
from  outside  sources  during  the  years  of  military  service.  For  comparison, 
it  may  be  noted  that  during  the  years  under  consideration  the  tuberculosis 
death  rate  for  the  civilian  population  of  corresponding  age  remained,  with 
minor  fluctuations,  at  approximately  52.  Thus,  the  rate  for  the  screened 
population  was  far  Itelow  that  of  the  corresponding  unscreened  population, 
which  included  those  screened  out  liecause  of  tubercidosis.  The  rate  which 
the  disease  will  ultimately  attain  will  depend  on  many  factors,  including 
measures  against  tuberculosis  in  the  general  population  and  special  measures 
for  veterans  taken  by  the  Veterans’  Administration. 

Eight  hundred  and  six  deaths  from  tuberculosis  were  recorded  in  Army 
personnel  from  1942  to  1945,  inclusive  (table  52). 

Long,  E.  R. :  Tuberculosis  In  a  Screened  Population.  Am.  Rev.  Tuberc.  54  :  319-320,  Sep¬ 
tember  1946. 


TUBEUCULOSIS 


377 


Table  52. —  Deaths  due  to  tuberculosis  in  the  U.S.  Army,  by  broad  area  of  admission,  rank,  sex, 

race,  and  year  of  death,  1942-45 


[Prelltninary  data  based  on  tabulations  of  individual  medical  records) 
(Rate  expressed  as  number  of  deaths  per  annum  per  100,000  average  strength) 


Year  of  death  imd  area 
of  admission 

Total 

Army 

Male  personnel 

tale 

nnel 

Total 

Officers 

Total  > 

Enlisted  me 

N'on-Nejfro 

.. 

n 

Negro 

Fen 

|>erso 

Num- 

Iwr 

Kate 

Niim- 

l>er 

RaU> 

Num- 

l)er 

Rate 

um¬ 

ber 

Rate 

Num- 

U'r 

Rate 

Num- 

l)er 

Rate 

S  um- 
l)er 

Rate 

l94Jt 

Continental  United  States.. 

92 

3. 46 

91 

3.44 

1 

0.57 

90 

3.65 

58 

2.53 

32 

17.94 

1 

7.89 

Outside  continental  Uisited 

States . 

15 

2.56 

15 

•2.57 

1 

•2.76 

14 

•2.56 

12 

•2.30 

2 

7,66 

0 

Total  .\rmy . 

107 

3.30 

106 

3.28 

2 

0.94 

104 

3.45 

70 

•2.49 

34 

16.63 

• 

6.52 

184-1 

Continental  United  States.. 

146 

2. 82 

145 

2.83 

4 

0.96 

141 

3.00 

73 

1.70 

68 

16.62 

1 

1.63 

Outside  continental  United 

States . . 

46 

2,73 

46 

3  74 

0 

46 

•2.97 

35 

2. 45 

11 

8.99 

0 

Total  Army . 

192 

2.79 

191 

2.81 

4 

0.74 

187 

2.99 

108 

1.89 

79 

14.86 

1 

1.40 

ISU 

Continental  United  States. . 

89 

2.24 

89 

2.28 

7 

1.72 

82 

•2.35 

40 

1.26 

38 

12. 12 

0 

Outside  continental  United 

States . 

112 

2.93 

112 

2.96 

2 

.66 

no 

3. 15 

58 

1.85 

49 

14.09 

0 

Total  Army . 

201 

2.58 

•201 

•2.61 

9 

1.-27 

192 

2.75 

98 

1.55 

87 

13. 16 

I 

1943 

Continental  United  States.. 

63 

2.11 

61 

2. 12 

7 

1.63 

54 

2.20 

26 

1. 15 

26 

13. 17 

2 

1.99 

Outside  continental  United 

States . — . 

243 

5.46 

243 

5.51 

13 

3.69 

230 

5.66 

134 

3.69 

82 

19.05 

0 

Total  Army... . 

306 

4. 12 

304 

4. 17 

20 

2.56 

284 

4.36 

160 

2.T2 

108 

17.20 

2 

1.45 

iS4t-4S 

■ 

Continental  United  States.. 

390 

2.64 

386 

2.65 

19 

1.33 

367 

2.80 

197 

1.64 

164 

14.93 

4 

1.63 

Outside  continental  United 

States . . 

>416 

3.95 

416 

3.98 

16 

1.96 

400 

4.15 

239 

2.74 

144 

15.54 

0 

Total  Army . 

806 

3. 18 

803 

3.21 

35 

1.56 

767 

3.37 

436 

2. 10 

308 

15.21 

4 

1.23 

>  Because  it  includes  “race  unknown,”  the  total  number  of  deaths  among  enlisted  men  may  lie  larger  than  the  sum  of 
the  figures  shown  for  the  separate  racial  categories. 

>  Of  the  total  deaths  in  1042-45  that  were  admitted  overseas  approximately  52  percent  had  been  evacuated  to  the  Zone 
of  Interior  during  1942-45.  By  year  of  deaths,  the  proportions  were:  7  percent  for  1942,  37  percent  for  1943,  54  percent  for 
1944,  and  57  percent  for  1945. 
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Part  IV.  Hospitalization  and  Treatment  in  the  Zone  of 

Interior 

GENERAL  PRINCIPLES  OF  EVACUATION 

For  accounts  of  evacuation  of  tuberculous  patients  from  the  ditfei'ent 
theaters,  the  reader  is  referred  to  sections  of  this  chapter  in  which  the  expe¬ 
rience  of  each  theater  is  described.  In  tlie  earlv  da  vs  of  World  War  II, 
evacuation  was  by  transport,  for  neither  hospital  ships  nor  planes  were  avail¬ 
able.  The  l)est  facilities  available  on  troopships  were  accorded  tuberculous 
patients,  but  this  mode  of  transfer  to  the  Zone  of  Interior  had  obvious  dis- 
advantajjes.  Quarters  were  crowded,  nursiufr  attention  was  minimal,  facili¬ 
ties  for  proper  care  were  inadequate,  and  suitable  provision  could  not  be 
made  for  isolation. 

In  contrast,  when  hos[)ital  ships  Ijecame  available  in  sufficient  numbei*s. 
the  transfer  of  tul)erculous  patients  from  oversea  theaters  was  handled  in  a 
creditable  manner.  As  a  rule,  quartere  desijjned  for  contagfious  diseases  were 
used,  so  that  isolation  was  feasible,  and  both  niii-sing  and  medical  care  were 
more  nearly  adequate.  Hospital  ships  had  "ood  laboratories  and  suitable 
X-ray  apparatus  and,  as  a  g:eneral  rule,  a  sufficient  number  of  nurses.  Port 
surgeons  issued  directives  in  early  1945  covering  the  care  of  patients  en  route 
and  the  sanitary  precautions  to  be  taken. 

Early  in  1945,  when  the  number  of  tuberculous  patients  returning  from 
overeeas  was  fairly  high,  attention  was  drawn  to  the  fact  that  convoys  were 
often  so  large  that  the  surface  water,  which  was  pumped  into  ships  for  bath¬ 
ing  and  other  ])urposes,  was  contaminated  to  a  noticeable  degree  by  sewage 
from  the  ships  of  the  convoys.  Recognizing  the  fact  that  tubercle  bacilli 
might  be  j>resent  in  the  discharges  from  tuberculous  patients,  and  be  unwit¬ 
tingly  drawn  into  the  water  supply  for  scrubbing  and  deckwashing  in  rear 
ships  of  convoys,  the  Office  of  the  Surgeon  General  forwarded  a  letter  in 
March  1945  to  the  New  York  Port  of  Embarkation  outlining  principles  to 
be  followed  to  prevent  this  type  of  contamination.  Suggestions  from  the 
Office  of  the  Surgeon  General,  including  a  statement  on  general  measures  in 
the  care  of  tuberculous  patients  en  route,  were  embodied  in  Circular  I.<etter 
No.  10  from  the  Port  Surgeon.  New  York  Port  of  Embarkation,  26  ^March 
1945,  entitled  “Care  of  Tuberctdous  Patients  During  Water  Transportation.” 
This  circular  establi.shed  important  provisions  for  sputum  control,  emphasiz¬ 
ing  (1)  education  of  patients,  (2)  use  of  gauze  for  cough,  (3)  use  of  spu¬ 
tum  cups,  and  (4)  decontamination  of  quarters  following  their  use  by  tuber¬ 
culous  patients,  as  well  as  the  principles  of  isolation  and  proper  cai’e  of  uten¬ 
sils  and  laundry. 

It  was  required  that  gauze,  tissue,  sputum  cups,  and  bags  containing 
gauze  and  other  contaminated  material  be  destroyed  each  day.  It  was  rec¬ 
ommended  that  if  burning,  the  most  satisfactory  method  of  disposal,  was  not 
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practicable,  the  material  to  be  destroyed  should  be  placed  in  cloth  bags  of 
appropriate  size  to  be  weighted  and  sunk.  It  was  pointed  out  that  this  in¬ 
fectious  material  should  not  be  cast  overboard  indiscriminately  to  possibly 
contaminate  the  water  pumped  into  the  other  ships. 

The  danger  from  indiscriminate  use  of  sea  water  around  convoys  does 
not  however  appear  to  have  been  great,  for  tests  for  the  presence  of  sewage 
carried  out  at  the  rear  of  large  convoys  failed  to  reveal  any  great  amount 
of  contamination,  but  the  effort  was  considered  worthwhile  from  the  stand¬ 
point  of  public  health  practice. 

Circular  Letter  No.  10  emphasized  rest  for  the  patient,  avoidance  of  all 
unnecessary  activity,  proper  ventilation  of  quarters,  and  an  adequate  diet. 
It  was  indicated  that  a  diet  including  liberal  quantities  of  milk,  eggs,  butter, 
orange  juice,  tomato  juice,  and  meat  was  practicable  on  board  ship.  Ordi¬ 
narily,  the  standard  diet  of  the  ship  appeared  suitable  if  supplemented  by 
midmorning  and  midafternoon  feedings  of  orange  juice,  tomato  juice,  or  milk. 

Not  infrequently  it  was  necessary  to  administer  pneumothorax  en  route 
to  patients  in  whom  this  form  of  therapy  had  been  instituted  overseas.  Quali¬ 
fied  medical  pei-sonnel  were  not  always  available  for  this  purpose,  but  in  the 
late  months  of  the  war  every  effort  was  made  to  insure  the  presence  on  each 
hospital  ship  of  a  medical  officer  trained  in  the  administration  of  pneumo¬ 
thorax. 

Airplane  transportation  ultimately  proved  most  desirable  for  the  major¬ 
ity  of  tuberculous  patients.  It  w’as  suitable  for  all  those  with  early  disease, 
and  for  the  majority  with  moderately  advanced  illness.  Patients  with  large 
tension  cavities  and  those  w’ith  artificial  pneumothorax  were  usually  not 
transported  by  air.  A  specific  study  of  the  effects  of  air  travel  on  patients 
w  ith  tuberculosis  was  made  by  the  Army  Air  Forces.  The  Office  of  the  Air 
Surgeon,  on  request  for  an  opinion,  sent  the  following  communication  to  the 
Office  of  the  Surgeon  General : 

With  respect  to  transportation  of  tuberculous  cases,  experience  gathered  during  the 
past  24  months  has  shown  that  patients  whose  metlical  condition  warrants  movement 
suffer  less  shock  and  embarrassment  when  moved  by  air  than  by  other  means  of  trans¬ 
portation.  Patients  with  active  pulmonary  tuberculosis  have  been  flown  for  long  dis¬ 
tances  at  altitudes  of  20,000  feet  or  more  (with  constant  use  of  oxygen)  without  ill 
effect.  Air  movement  of  patients  is  routinely  carried  on  at  altitudes  between  2,000  and 
8,000  feet,  except  when  weather,  terrain,  or  military  operations  force  the  planes  to  higher 
altitudes. 

Sound  medical  judgment  of  the  responsible  medical  ofiScer  in  each  individual  case 
must  remain  the  final  answer  as  to  suitability  for  movement  of  tuberculous  patients. 

A  special  report  on  the  transportation  by  air  of  tuberculous  patients  was 
prepared  by  the  Section  for  Research  on  Minimal  Tuberculosis,  U.S.  Army 

■*7  Transmittal  Sheet,  Col.  A.  H.  Schwlchtenberg,  MC,  Air  Liaison  Officer  to  The  Surgeon  Gen¬ 
eral,  to  The  Air  Surgeon,  20  May  1944,  subject :  Evacuation  of  Tuberculous  Patients  by  Air,  first 
Indorsement  thereto,  dated  18  July  1944. 
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Medical  Research  and  Development  Board  and  University  of  Colorado  Medi¬ 
cal  Center,  at  Fitzsimons  General  Hospital.^* 

Transportation  of  patients  with  artificial  pneumothorax  had  always  to 
be  given  serious  consideration.^®  Intrapleural  gjis  doubles  in  volume  at  18,000 
feet,  and  proportionate  increases  take  place  at  lower  altitudes.  The  excessive 
expansion  at  high  altitudes  might  be  expected  to  lead  to  tearing  of  adhesions 
and  other  untoward  results.  The  problem  was  one  of  importance  not  only  in 
oversea  transport,  which  occasionally  required  flight  at  high  altitudes  to  avoid 
storms  and  enemy  interference,  but  also  in  the  Zone  of  Interior,  for  large 
numbers  of  patients  were  flown  to  Fitzsimons  General  Hospital  situated  at  an 
altitude  of  5,000  feet  in  Colorado  and  Bruns  General  Hospital  situated  at  an 
altitude  of  7,000  feet  in  Santa  Fe,  N.  Mex.  Ordinarily,  transportation  of 
tuberculous  and  other  patients  was  accomplished  at  the  usual  altitudes  of 
commercial  flying. 

As  the  war  progressed  and  the  return  movements  of  patients  reached 
large  dimensions,  it  was  found  that  air  transport,  with  proper  safeguards, 
was  without  hazard.  It  was  so  well  developed  by  the  end  of  the  war  that  it 
was  considered  the  method  of  choice  wherever  practicable.  Most  important, 
it  insured  early  definitive  care  in  the  United  States,  for  such  treatment,  in¬ 
cluding  collapse  therapy,  in  many  cases  was  not  initiated  in  the  theater  but 
left  to  the  judgment  of  the  hospital  charged  with  long-term  treatment  of  the 
patient. 

On  such  flights,  it  was  essential  to  provide,  against  possible  emergency, 
adequate  nursing  care  and  technical  medical  assistance.  Ordinarily,  a  physi¬ 
cian  did  not  accompany  a  flight,  but  a  trained  nurse  was  always  present,  and 
the  total  time  spent  between  the  oversea  theater  and  the  Zone  of  Interior  was 
short.  As  in  transportation  by  water,  proper  isolation  had  to  be  insured. 
Occasionally,  tuberculosus  patients  were  sent  on  the  same  plane  with  other 
patients,  but  whenever  feasible  an  entire  plane  was  reserved  for  their  use. 
This  frequently  meant  holding  patients  at  hospitals  of  embarkation  overseas 
for  some  days  until  a  sufficient  number  had  gathered. 

The  Office  of  the  Surgeon  General  sent  a  civilian  con.sultant.  Dr.  James 
J.  Waring  of  Denver,  Colo.,  to  the  San  Francisco  Port  of  Embarkation  and 
Hamilton  Field,  Calif.,  to  advise  on  transportation  by  air  and  bj’  water  of 
patients  from  the  Pacific  areas.  Air  transport  from  these,  areas  was  particu¬ 
larly  important  because  of  the  great  distances  involved.  From  July  to  De¬ 
cember  1944,  about  6,000  patients  were  flown  from  the  Pacific  areas  to  Hamil¬ 
ton  Field,  and  of  these  140  were  tuberculous. 

■*8  Roper,  W.  H..  and  WnrInB,  .7.  J. :  .Air  Evacuation  of  Tuberculous  Military  Patients.  Am. 
Rev.  Tuberc.  61 :  678-689.  May  1950. 

(1)  Minutes,  Subcommittees  on  Tuberculosis,  Committee  on  Medicine.  National  Research  Coun¬ 
cil,  21  Feb.  1942  and  10  .Tune  1944.  (2»  Bridge.  E.  R.,  and  Bridge.  E.  V.;  Effect  of  Altitude  on 

Abnormal  Accumulations  of  .Mr  in  the  Chest.  Am.  Rev.  Tuberc.  51  :  532-537,  June  1945.  (3)  Tuber¬ 
culosis  Abstracts,  National  Tuberculosis  .\asociation  19,  No.  10.  October  1946.  (4)  Duff,  F.  L. : 

Physical  Factors  th  Air  Evacuation.  Bull.  U.S.  Army  M.  Dept.  7:  86(7-868.  October  1947.  (5)  Air 

Transport  of  Tuberculous  Patients.  Bull.  U.S.  Army  M.  Dept.  No.  87 :  8.  Anril  1945. 
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In  the  United  States,  tuberculous  patients  were  delivered  at  debarkation 
hospitals,  whether  arriving  by  ship  or  by  air,  and  after  appropriate  triage 
were  transferred  for  further  care  to  Fitzsinions  and  Bruns  General  Hospitals, 
a  large  number  of  them  by  air.  Hospital  commanders  made  every  effort  to 
forward  tuberculous  patients  in  plane  and  carload  lots  to  avoid  e.xposure  of 
nontul)erctilous  patients. 

The  final  conclusion  as  a  i-esult  of  this  experience  was  that  airplane 
transportation  was  most  appropriate  whenever  it  was  practical.  For  ca.ses 
not  suitable  for  air  transport,  hospital  ships  rather  than  transports  should 
be  used.  Emplnisis  should  be  laid  on  proper  isolation  of  cases,  on  safety, 
sanitary  precautions,  and  avoidance  of  emergency.  Finally,  experience 
showed  that  medical  officers  with  training  in  tuberculosis  should  be  a.ssigned 
to  duty  at  embarkation  hospitals  overseas  and  debarkation  hospitals  in  the 
Zone  of  Interior  to  insure  proper  care  throughout  the  course  of  transfer. 

SPECIALTY  CENTERS  FOR  TREATMENT 

Discovery  and  treatment  of  tuberculosis  in  hospitals  overseas  has  been 
described  for  the  several  theaters.  Hospitals  at  stations  with  a  troop  strength 
of  over  5,000  men  were  authorized  to  discharge  patients  with  tuberculosis  on 
certificate  of  disability,  and  a  large  [)roportion  of  the  total  number  of  certifi¬ 
cates  of  disability  for  discharge  for  this  cause  were  granted  at  station  hos¬ 
pitals.  In  all  cases  of  doubt,  however,  where  the  diagnosis  could  not  be  estab¬ 
lished  in  a  station  hospital,  the  patient  concerned  was  sent  to  a  general  hos¬ 
pital.  Many  were  sent  to  Fitzsimons  General  Hospital  which  was  a  center 
for  treatment  of  tuberculosis  throughout  the  entire  period  of  the  war  and 
received  the  majority  of  commissioned  officei-s  and  noncommissioned  officers 
hospitalized  for  tuberculosis.®® 

In  the  course  of  the  war,  two  other  hospitals  were  made  specialty  centers 
for  tuberculosis :  Bruns  General  Hospital,  and  Moore  General  Hospital,  Swan- 
nanoa,  N.C.  Bruns  General  Hospital,  which  was  activated  on  18  February 
1043,  was  made  a  center  in  August  1944,®’  for  the  treatment  of  “patients  re¬ 
quiring  special  evaluation  or  prolonged  care  in  an  Army  hospital  specializing 
in  the  treatment  of  tuberculosis.*’  It  had  become  necessary  to  supplement 
Fitzsimons  General  Hospital  to  provide  care  for  the  numerous  patients  with 
tuberculosis  evacuated  from  overseas.  It  was  directed  that,  if  male  tubercu¬ 
lous  enlisted  personnel  and  officei’s  whose  homes  w-ere  in  the  Eiglith  Service 
Command  were  evacuated  from  overseas,  they  were  to  be  transferred  from 
debarkation  hospitals  to  Bruns  General  Hospital.  Women  were  sent  to  Fitz¬ 
simons  General  Hospital.  It  may  be  noted  incidentally  that  Bruns  General 
Hospital,  chosen  for  reasons  of  climate  and  availability,  by  happy  coincidence 
was  named  after  one  of  the  Army’s  outstanding  specialists  in  tuberculosis. 


®o  War  Department  Circular  No.  3.S8.  18  Aug.  1944. 
61  War  Department  Circular  No.  347,  25  Aug.  1944. 
52  See  footnote  13,  p.  337. 
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Col.  Earl  Harvey  Bruns,  MC,  who  had  trained  many  medical  officers  during 
and  after  World  War  I  and  was  for  years  after  the  war,  Chief  of  Medical 
Service  at  Fitzsimons  General  Hospital. 

The  third  specialty  center  for  tuberculosis,  Moore  General  Hospital,  was 
established  in  the  late  months  of  the  w’ar,  when  many  tuberculous  patients 
were  being  found  at  separation  centers. 

The  official  annual  reports  for  the  three  hospitals  named,  which  are  on 
file  in  the  Office  of  the  Surgeon  General,  give  full  details  on  the  size  of  the 
medical  and  surgical  staffs,  the  personnel  changes  that  occurred  during  the 
w’ar,  the  number  of  tuberculous  patients  treated,  the.  types  of  therapy  em¬ 
ployed,  and  special  problems  encountered.  At  all  hospitals,  standard  methods 
of  therapy  were  employed,  with  principal  emphasis  on  rest  and  the  use  of 
collapse  measures  in  appropriate  cases.  The  extent  to  which  different  collapse 
procedures  were  employed  depended  on  the  type  of  case,  the  special  skills 
of  the  hospital  staff,  and  the  length  of  stay  of  patients.  The  frequency  of 
collapse  therapy  was  in  inverse  ratio  to  the  length  of  stay  in  the  hospital. 
Prior  to  1946,  except  for  a  few  special  cuses  in  which  Promin  (glucosulfone 
sotlium)  and  Promizole  (2-amino-5-sulfanilylthiazole)  were  employed,  chemo¬ 
therapy  was  not  practiced  in  the  Army.  Subsequently,  the  Army  participated 
actively  in  study  of  the  treatment  of  tuberculosis  with  streptomycin.®® 

In  addition  to  their  function  as  treatment  centers,  the  hospitals  trained 
medical  personnel  for  positions  of  responsibility  overseas  and  in  the  Zone  of 
Interior.  Indeed,  frequent  changes  in  peisonnel,  inevitable  under  the  cir¬ 
cumstances,  interfered  seriously  with  the  efficiency  of  the  treatment  given. 

Fitzsimons  General  Hospital. — Col.  George  F.  Ay  cock.  MC,  was  chief 
of  medical  service  throughout  the  period  covered  by  this  history.  Lt.  Col. 
(later  Col.)  .Tohn  B.  Grow,  MC.  was  chief  of  surgical  service,  and  Maj.  (later 
Lt.  Col.)  Richard  H.  Meade,  MC.  was  assistant  chief  and  later  chief  of  the 
thoracic  surgeiy  section. 

Cases  of  tuberculosis  exceeded  those  of  any  other  disease,  since  the  chief 
purpose  of  the  hospital  was  “to  give  treatment  under  [the]  most  favorable 
conditions  to  patients  [suffering]  with  tuberculosis.”®^  During  1942,  1,273 
enlisted  men  were  admitted  to  the  tuberculosis  section  ®®  and  106  officers  in¬ 
cluding  nurses  were  admitted  for  tuberculosis.  At  the  end  of  the  year,  800 
enlisted  men  were  under  treatment.  The  practice  was  to  retain  cases  of  pul¬ 
monary  or  predominantly  pulmonary  tuberculosis  on  the  medical  service,  and 
cases  of  genitourinary,  bone,  joint,  and  lymph  node  tuberculosis  on  the  sur¬ 
gical  service.  Artificial  pneumothorax  and  pneumoperitoneum  were  practiced 
on  the  medical  service,  and  phrenic  nerve  oijerations,  intrapleunvl  pneun\onoly- 
sis  and  extrapleural  thoracoplasty,  as  well  as  less  frequent  operative  pro<*e- 

M  U.S.  Veterans  Administration :  The  Effeet  of  Streptomycin  Upon  Pulmonary  Tuberculosis. 
Preliminary  Report  of  a  Cooperative  Study  of  22.3  Patients  by  the  Army,  Navy  and  Veterans  Ad¬ 
ministration.  Am.  Rev.  Tuberc.  58:  485-507,  December  1047. 

M  .Xrmy  Repulntions  No.  40-800,  8  Oct.  1042. 

Personal  communication.  Executive  Officer.  Fitzsimons  General  Hospital,  to  Col.  E.  R.  Lonp. 
MC.  10  Mar.  1047. 
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dures,  were  carried  out  on  the  surgical  service,  with  return  of  patients  to  the 
medical  service  following  convalescence.  During  1942,  320  artificial  pneumo¬ 
thoraces  were  inducetl  and  an  additional  147  were  continued  after  previous 
induction.  Thus,  more  than  a  quarter  of  all  the  patients  admitted  were 
treated  by  pneumothorax.  On  the  surgical  service,  I7l  thoracoplasties,  187 
pneumonolyses,  and  a  small  number  of  pneumonectomies  and  lobectomies  were 
performed  during  1942. 

The  report  for  1942  indicates  that  20  percent  of  all  cases  of  tuberculosis 
had  nonpulmonary  tuberculous  complications,  of  which  tuberculous  laryn¬ 
gitis,  tuberculosis  of  the  genitourinary  tract,  tuberculous  enterocolitis,  and 
tuberculosis  of  the  bones  were  most  common.  Of  nontuberculous  complica¬ 
tions,  diabetes  was  most  frequent.  One-third  of  the  cases  under  pneumothorax 
treatment  developed  pleural  effusion,  a  figure  that  had  held  during  several 
years  of  previous  experience. 

In  1943,  there  were  marked  fluctuations  in  admissions  and  discharges  of 
tuberculous  patients.  The  tuberculosis  section  remained  the  largest  section 
on  the  medical  service;  1,405  enlisted  personnel  were  admitted.  However,  the 
census  dropped  sharply  following  publication  of  War  Department  Circular 
No.  109,  26  April  1943,  which  directed  discharge  to  the  Veterans’  Administra¬ 
tion  of  men  unfit  for  military  service  and  so  abrogated  the  previous  practice 
of  holding  patients  for  at  least  6  months.  During  the  year,  there  were  1,332 
direct  admissions  of  enlisted  men  for  tuberculosis,  and  634  tuberculous  pa¬ 
tients  remained  at  the  end  of  the  year.  There  were  1,585  discharges  from  the 
section,  chiefly  on  certificate  of  discharge  for  disability,  and  65  deaths. 

The  proportions  on  different  forms  of  collapse  therapy  were  approxi¬ 
mately  as  in  the  preceding  year.  There  were  239  pneumothoraces  initiated 
and  12,044  refills  given.  On  the  surgical  service,  428  operations  for  tubercu¬ 
losis  were  performed,  including  180  thoracoplasty  stages,  184  phrenic  nerve 
operations,  and  49  intrapleural  pneumonolyses. 

As  in  the  preceding  year,  pleural  effusion  developed  in  33  percent  of  the 
pneumothorax  cases,  usually  (85  percent)  serofibrinous,  but  occasionally  (15 
percent)  purulent.  Nonpulmonary  tuberculous  complications  were  of  the 
same  frequency  and  nature  as  before.  Among  nontuberculous  complications, 
coccidioidomycosis  was  the  most  frequent,  its  incidence  in  the  Army  having 
notably  increased  as  a  result  of  desert  maneuvers. 

During  1943,  with  the  longer  prepress  of  the  war,  there  was  a  noteworthy 
increase  in  the  number  of  officers  admitted  (277  males  and  86  females).  Of 
this  number,  132  were  discharged,  chiefly  by  retirement. 

In  1944,  the  number  of  admissions  for  tuberculosis  (1,895)  was  somewhat 
larger  than  in  preceding  years.  The  nuniber  of  cases  given  collapse  therapy 
was  somewhat  smaller,  and  the  number  given  pneumoperitoneum  slightly 
larger,  the  indications  for  the  latter  therapy  having  become  more  clearly  de¬ 
fined.  Pneumoperitoneum  was  considered  of  value  in  those  cases  of  tubercu¬ 
losis  in  the  exudative  phase  in  which  it  was  unwise  to  attempt  pneumothorax. 
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as  well  as  in  eases  with  basiil  and  |)erihilar  excavation.  A  remarkable  con¬ 
stancy  was  apparent  in  the  incidence  of  pleural  effusion  as  a  comjilication  of 
artificial  pneumothorax,  as  it  occurred  in  3‘2  i)ercent  as  comi)ared  with  33  per¬ 
cent  of  cjises  in  each  of  the  precediiijr  years. 

In  1044,  there  was  a  sharp  curtailment  in  the  use  of  surfrery;  only  33 
thoracoplasties  were  performed.  This  was  due  to  the  shorter  average  stay  of 
patients,  owing  to  the  heavy  demands  on  the  hospital  not  only  for  cases  of 
tuberculosis  but  also  for  other  illness.  During  this  year,  however,  15  lobec¬ 
tomies  were  performed,  the  indications  for  this  operation  having  become 
clearer  within  the  preceding  year.  In  general,  cases  with  an  excavated,  but 
well-stabilized  lesion,  confined  to  one  lobe,  were  considered  most  suitable  for 
lobectomy. 

During  1944,  the  number  of  cases  in  enlisted  men  evacuated  from  over¬ 
seas.  which  had  heretofore  formed  a  substantial  pro|)ortion  of  the  total,  de¬ 
creased  markedly,  as  a  result  of  the  designation  of  Bruns  General  Hospital 
as  a  center  for  such  cases.  However,  the  number  of  officers  from  both  over¬ 
seas  and  the  Zone  of  Interior  increased  greatly,  with  647  admissions  (56i 
male  and  86  female).  There  were  419  tuberculous  officers  discharged  by  re¬ 
tirement  or  other  procedure. 

A  significant  develo|)ment  during  1944  was  the  activation,  in  JanuaiT. 
of  the  Section  for  Research  on  Minimal  Tuberculosis.  This  section  was  de- 
velo|)ed  by  the  Office  of  the  Surffeon  General  on  the  advice  of  the  Subcommit¬ 
tee  on  Tuberculosis,  National  Research  Council.  It  wjis  sponsored  and  sup- 
jmrted  financially  by  the  Army  Medical  Research  and  Development  Board. 
The  subcommittee  felt  that  the  Army,  with  its  large  number  of  well-studied 
cases,  afforded  a  unique  opportunity  for  investigation  of  the  prognosis  of  min¬ 
imal  tuberculosis  ami  the  reasons  for  the  breakdown  of  small  or  incompletely 
stabilized  lesions.  A  contract  was  drawn  by  the  board  with  the  School  of 
Metlicine,  University  of  Colorado,  Denver,  located  only  a  few  miles  from 
Fitzsimons  General  Hospital,  and  Dr.  Waring,  Profe.ssor  of  Medicine,  Scliool 
of  Medicine,  was  designated  as  responsible  investigator,  with  Colonel  Aycock, 
Chief  of  Medical  Service,  Fitzsimons  General  Hospital,  and  Colonel  Long  as 
consultants.  Capt.  (later  Maj.)  William  H.  Rop'^r,  MC,  formerly  chief  of  the 
section  for  chest  diseases  at  the  Station  Hospital,  Fort  Bragg,  N.C.,  was 
assigned,  through  Seventh  Service  Command  Headquarters,  to  Fitzsimons 
General  Hospital  for  the  detailed  prosecution  of  the  investigation,  which 
was  to  be  based  on  an  intimate  study  of  the  history  and  progress  of  1,000 
cases  of  tul)erculosis  of  minimal  extent. 

By  the  end  of  the  year,  4(M>  cases  had  been  studied  with  care.  In  June 
1946,  the  final  number  was  1.108.  This  numl)er  included  648  cases  of  active 
and  350  cases  of  inactive  minimal  parenchymal  disease;  in  addition,  there 
were  110  cases  of  pleural  effusion  presumed  or  proved  to  be  tuberculous  in 
origin.  In  397  cases,  the  investigation  included  an  intensive  psychiatric 
examination  to  detennine  the  influence  of  emotional  and  }>ersonality  factors 
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upon  breakd  )wn  with  tuberfulosis.  This  examination  was  conducted  by  Dr. 
John  M.  Lyon,  Department  of  Psychiatry,  School  of  Medicine,  ITiivei'sity 
of  Colorado.®* 

During  1S)45,  the  tuberculosis  section  of  Fitzsimons  General  Hospital  was 
more  active  than  in  any  preceding  year.  There  were  2,474  admissions  to  the 
enlisted  men's  section.  The  average  number  of  patients  was  gi-eater,  and  col¬ 
lapse  therapy  was  carried  out  on  a  larger  scale  than  heretofore.  There  were 
448  initial  pneumothoraces,  and  the  total  numl)er  of  refills,  in  spite  of  the 
relatively  short  duration  of  residence  that  was  necessary  in  order  to  accom¬ 
modate  new  cases,  was  11,2()5.  Pneumoperitoneum  was  indxiced  in  136  cases. 

lie  surgical  service  there  were  3  pneumonectomies,  34  lobectomies,  and  7 

lal  lobectomies  for  tuberculosis. 

During  the  4  years  of  the  war,  Fitzsimons  General  Hospital  admitted 
>re  than  8,1(X)  patients  with  tulxercult^is.  The  morale  of  both  staff  and 
atients  was  e.xcellent,  and  the  treatment  was  equal  to  that  in  the  best  civilian 
hospitals  in  the  country.  In  view  of  the  usual  early  transfer  of  patients,  re¬ 
habilitation  measures  were  not  extensively  employed,  although  there  was  pro¬ 
vision  for  oc'cupational  therapy.  Long  before  the  maximum  results  of  treat¬ 
ment  could  be  attained,  regulations  required  discharge  of  patients  to  the  Vet¬ 
erans’  Administration  or  other  institutions  for  care.  Results  in  terms  of  cases 
arrested  or  improved,  or  stationary  or  unimproved,  cannot,  therefore,  be  given 
for  evaluation  or  comparison  with  results  at  other  hospitals.  Only  through 
careful  followup  of  cases  handled  by  the  Veterans’  Administration  will  it  l)e 
possible  to  determine  the  effectiveness  of  several  months  of  treatment  at  Fitz¬ 
simons  General  Hospital  in  bringing  about  lasting  arrest  of  cases. 

The  pathology  service,  under  Col.  Hugh  W.  Mahon,  MC,  made  careful 
studies  of  necropsies  and  maintained  a  series  of  records  that  were  of  unusual 
value,  Ixecause  of  the  Avealth  of  photogi’aphic  repro<luctions  inchided.  The 
majority  coming  to  autopsy  Avere  chronic  cases,  fibroulcerative  in  character, 
although  there  AAere  some  more  acute  cases,  including  a  number  Avith  fulmi¬ 
nant  tuberculous  meningitis.  In  genersil,  post  mortem  observations  made  in 
the  Army  were  not  significantly  different  from  those  in  large  civilian  hospitals 
and  sanatoriums  for  tuberculosis. 

Discharge  and  retirement  constituted  a  problem  that  was,  at  times,  diffi¬ 
cult.  Since  patients  could  not  be  held  for  the  many  months  required  for  com¬ 
plete  arrest  of  the  disease,  discharge  had  to  be  effected  on  the  basis  of  dis¬ 
ability,  Avith  such  compensatory  benefits  as  accrued.  In  cases  of  advanced 
tuberculosis,  no  problem  was  invoU  ed.  In  cases  of  early  tuberculosis  of  mini¬ 
mal  extent,  apparently  Avell  scarred  after  a  few  months  of  treatment,  the 
appropriate  course  generally  appeared  to  l)e  to  discharge  patients  on  the 
basis  of  disability,  eAen  though  no  symptoms  persisted  and  prognosis  was 
excellent.  This  disposition  also  appeared  generally  indicated  in  cases  of 

AA'nrInK.  .T.  .1.,  and  Roix-r.  AA".  H. :  Minimal  rnlnionary  Tubercuiosis  in  Military  Personnel : 
AA'orld  AA'ar  II.  Am.  Rev.  Tiibero.  73  :  1-40,  .Taniiary  1057. 
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healed  pleural  etfiision  in  which  all  fluid  was  absorl)ed,  no  pulmonary  infiltra¬ 
tion  was  evident,  and  exclvjsion  stiulies  iiulieated  that  the  process  was  ])re- 
suinptively  tul)erculous.  Since  tuWrculosis  is  a  disease  prone  to  relapse  if  a 
proper  rejjimen  is  not  followed,  it  was  ne<*esssiry  to  consider  such  cases  as  jx)- 
tentially  active  for  some  years.  Similar  considerations  applied  to  txd)ercu- 
losis  of  lymph  nodes  when  nodes  with  doubtfully  active  tidxerculous  lesions 
had  been  removed  and  tuberculous  foc*i  wei*e  not  found  elsewhere  in  the  Innly. 
Such  cases  were  finally  resolvetl  in  favor  of  the  soldier,  and  usually  on  the 
basis  of  proved  tubercidous  activity  duriii};  military  service. 

Bruns  General  Hospital. — This  hospital  was  desijfiuited  a  sjxecialty  center 
for  tul>erculosis  in  Aup:nst  1!)44,  with  an  allocation  of  750  Ixeds  for  tulxercu- 
losi.s.  Lt.  (^)l.  (later  (\)1.)  (ieorfje  J.  Ka.stlin,  M(\  was  chief  of  Medical  Serv¬ 
ice  until  December  1945,  when  he  was  succeeded  by  Maj.  (later  Lt.  Col.) 
George  C.  Owen,  M(^,  with  assistant  chiefs  in  charge  of  two  large  sections 
for  tuWrcnlosis.  When  the  directive  of  August  1944  was  issued,  26  wards 
were  set  aside  for  patients  with  tuberculosis.  The  relatively  small  numlxer  of 
physicians  on  the  staff  at  the  time  who  were  well  (pialified  in  the  treatment 
of  tuberculosis  was  augmented  as  rapidly  as  jxxssible.  Capt.  (later  Maj.) 
Lawreivce  H.  Kingsbury.  M(\  was  brought  in  from  the  surgical  service  at 
Fitzsimons  General  Hospital  as  chief  of  thoracic  surgerA',  and  the  work  at  the 
two  hospitals  was  coordinated  by  mutual  visits. 

The  hos[)ital  had  a  difficult  task,  however,  for  the  report  for  1944  noted 
that  tlie  rate  of  growth  was  more  rapid  than  the  officer,  nurse,  and  enlisted 
personnel  could  properly  handle.  All  services  felt  the  impact  of  the  abnipt 
designation  of  the  hospital  as  a  specialty  center.  At  the  end  of  the  year,  697 
tidxercxdous  patients  were  in  the  hospital.  During  1944.  6,118  X-ray  films  of 
the  chest  were  made,  out  of  a  total  of  13.752  films  of  all  jxarts  of  the  body. 
Pulmonary  tuberculosis  accounted  for  17  jxercent  ( 123  cases)  of  the  discharges 
for  disability.  The  majority  of  disc-harges  were  to  the  Veterans’  Administra¬ 
tion  and  convoys  seriously  depleted  the  force  of  officers  necessary  to  care  for 
patients. 

Since  Hruns  General  Hospital  Avas  designated  to  care  for  cases  of  tubercu¬ 
losis  from  overseas,  the  morale  problem  was  exceptionally  difficult.  The  hos¬ 
pital  was  isolated  and  filled  Avith  patients  Avho  had  not  seen  their  families  for 
months  or  years.  Pnusual  measures,  which  proA’ed  notably  successful,  Avei'e 
projected  to  meet  the  problem  (pp.  388-390).  Education  Avas  a  principal  objec- 
tiA’e,  directed  particularly  to  teach  acceptance  of  continuing  care  at  the  hands 
of  the  Veterans'  Administration  after  discharge  from  the  hospital.®* 

In  1945,  it  became  nece.s.sary  to  increase  the  allocation  of  beds  to  more 
than  a  thousand  becau.se  of  the  continuing  influx  of  cases  from  ovei-seas.  The 
])roblem  Avas  complicated  in  the  second  half  of  the  year  by  the  arrival  of  many 

■■■*  .Anniiiil  Kpport.  Ilrniis  Gpnpral  Hospital.  1944. 

■>'* 'riip  Carp  of  Tahprpoloiia  I’atlpiits  I’piiiUiif;  llispliarKP  From  tlip  .Army.  Ball.  U.S.  Army  M. 
Itppt.  Xo.  74:  44  4r,.  Alarrh  1944. 
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patients  with  severe  disease  who  had  l)een  lil)erated  from  Japanese  prison 
camps.  Personnel  needs  were  jrreat  and,  unfortunately,  could  not  la*  well 
met,  because  demobilization  of  medical  officers  was  under  way. 

In  spite  of  these  difficulties,  an  excellent  professional  spirit  was  main¬ 
tained.  Staff  conferences,  on  the  nunlel  of  those  held  at  Fitzsimons  (ieneral 
Hospital  and  leadinjr  civilian  hospitals  for  tul)erculosis,  were  held  at  refrular 
and  frequent  intervals,  and  cases  were  ex|)ertly  presented  and  discussed.  A 
pulmonary  function  unit  was  establishetl  in  order  to  introduce  the  latest 
metho<ls  used  in  the  study  of  respiratory  physiolofry. 

Close  contact  was  maintained  at  all  times  with  the  Office  of  the  Surjjeon 
General,  which  was  called  upon  for  more  direct  assistance  than  was  requiivd 
by  the  lonjjer  established  Fitzsimons  General  Hospital.  The  system  of  super¬ 
vision.  the  methods  of  treatment  and  disposition,  the  proportion  of  cases  on 
collapse  therapy,  and  the  system  of  clinical  conferences  wei’e  similar  to  those 
at  Fitzsimons  General  Hospital  and  civilian  hospitals  for  the  care  of  tubercu¬ 
lous  patients. 

Moore  General  Hospital. — The  third  s|)ecialty  center  for  tuberculosis, 
established  in  1945  at  Moore  General  Hospital,  was  necessary  because  demobil¬ 
ization  of  men  at  separation  centers  resulted  in  the  discovery^  of  cases  of 
ttil)erculosis  in  numbers  exceeding  the  capacity  of  Fitzsimons  and  Hruns 
General  Hos[)itals.  The  lesions  found  wei’e  usually  symptomless  and  of  min¬ 
imal  e.xtent,  althoufrh  occasionally  moderately  advanced  cases  were  encoun¬ 
tered  in  men  who,  surprisinjrly,  had  been  doing  full  duty  and  were  not  aware 
of  any  respiratory  disease. 

Since  Mooi-e  General  Ifospital  was  not  staffed  or  equipped  for  tubercu¬ 
losis,  it  was  necessjiry  to  bring  in  new  personnel  and  to  specify  that  patients 
re(|uiring  thoracic  surgery  were  not  to  be  sent  there.  Army  Service  Forces 
(^ircular  Xo.  456.  29  December  1945.  established  the  center  and  specified  that 
(1)  cases  of  minimal  extent,  (2)  unilateral  cases  of  moderately  advanced 
tul)erculosis  appro|)riate  for  pneumothorax  treatment.  (3)  cases  of  suspected 
tulwrculosis  requiring  luolonged  observation  for  diagnosis,  and  (4)  cases  of 
pleurisy  with  effusion  were  to  be  sent  to  Moore  General  Hospital.  Cases  re¬ 
quiring  extensive  surgical  procedures  and  cases  in  which  the  prognosis  was 
bad  were  to  be  referred  to  other  general  hospitals  or  discharged  directly  to 
the  Veterans'  Administration.  Tubercidous  patients  were  placed  on  the  med¬ 
ical  service,  of  which  Lt.  Col.  J.  Murray  Kinsnnm,  MC.  was  chief  when  the 
hospital  was  designated  as  a  s])ecialty  center  for  tuberculosis. 

Case:,  within  the  first  three  categories  named  wei-e  frequently  found  at 
separation  centers,  and  the  space  assigned  for  tuberculosis  at  Moore  General 
Hospital  filled  rapidly.  Within  a  few  months,  there  werc  more  than  a  thou¬ 
sand  patients  at  the  center.  Most  of  these  had  lesions  of  minimal  character, 
many  of  them  difficult  to  establish  definitely  as  tuljerculous,  being  of  slight 
extent  and  without  demonstrable  tubercle  bacilli.  Thus,  many  patients  re¬ 
mained  for  several  months  for  exhaustive  study  to  establish  diagnosis  of  the 
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disease  itself,  ami  its  state  of  activity.  The  principles  in  practice  were  later 
summarized  in  Til  MED  (War  Department  Technical  Bulletin)  *2*21,  tlated 
21)  April  11)4(‘>,  and  chancre  1  thereto,  dateil  2T  I)eceml)er  11)4(5.  .M<H>re  (Jeneral 
Hospital  was  ultimately  (11)46)  transferre<l  to  the  Veterans"  Administration, 
ohviatiiifr  physical  transfer  of  patients  desifinated  for  \'eteran.s'  Administra¬ 
tion  care. 

The  thi*ee  jreneral  hospitals  desijrmitetl  as  specialty  centers  for  tulK>rcu- 
losis  normally  received  medical  ret'ords  and  X-ray  films  of  cases  originatin*! 
ovei'seas  when  the  patietits  were  transferred  to  these  hospitals.  The  reports 
from  Bruns  General  Hospital  indicate  that  the  records  were  of  «r(Mal  quality. 
All  three  hospitals  also  made  e.xtensive  use  of  induction  films  of  patients 
ohtaine<l  from  the  X-raj'  file  of  the  Veterans*  .Vdininistration  in  Washinjjrton, 
D.(\.  where  they  had  been  stored  immediately  after  induction.  The.se  films 
pmved  hifrhly  useful  in  evaluatinjr  the  afre  of  lesions  as  a  guide  in  treatment 
and  disposition.  The  e.\|)erience  at  Fitzsimons  General  Hospital  indicated 
that  early  in  the  war.  when  cases  were  not  infre<iuently  overlooked  at  induc¬ 
tion.  the  patients  sent  to  the  hospital  were  predominantly  those  in  whose  in¬ 
duction  film  a  lesion  could  1h‘  seen.  In  the  .second  half  of  the  war,  lesions 
requiring  hos|)italizatiou  did  not,  in  the  majority  of  ca.ses.  appear  to  represent 
an  extension  from  a  lesion  visible  in  the  induction  film,  hut  rather  a  new 
development  during  Army  service. 

ORIENTATION  AND  REHABILITATION 

The  problem  of  rehabilitation  of  tul)erculous  patients  in  Army  hospitals 
cotdd  not  be  met  in  the  .same  manner  as  with  diseases  of  short  duration  or 
wounds  and  accidents  leaving  a  mechanical  handicap.  With  these,  the  recon¬ 
ditioning  services  of  Army  hosj)itals  were  highly  effective  during  the  period 
of  convalescence.  As  regards  tuberculosis,  however,  it  was  impractical  to  re¬ 
tain  patients  in  Army  hospitals  long  enough  for  arrest  of  the  disease  and  re¬ 
habilitation.  AR  Olo-.'lfil,  14  Hay  1947,  required  disc'harge  when  the  diag¬ 
nosis  of  active  di.sease  and  the  need  for  prolonged  care  were  e.stablished,  al¬ 
though  specifically  prohibiting  transfer  as  long  as  the  health  of  the  patient 
would  l)e  jeopardized. 

In  practice,  this  regulation  was  interpreted  as  authorizing  that  degree 
and  extent  of  care  in  an  Army  hospital  neces.sary  to  prepare  patients  for 
transfer — enlisted  men  to  the  Veterans'  Admini.stration  and  officers  to  their 
own  care — in  the  l)est  condition  to  profit  hv  continued  ho.spital  treatment. 
In  the  three  tul)erculosis  centers  of  the  Army,  enlisted  men  were  retained  on 
an  average  for  4  months.  Officei-s  were  held  longer  on  the  basis  of  the  possi¬ 
bility  of  their  retention  for  continued  service."’® 

Although  reconditioning  of  tulierculous  patients  in  Army  hospitals  was 
thus  not  po.ssible  in  the  same  .sense  as  for  jiatients  recovering  from  pneumonia 
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or.  frsicture  of  bones,  the  need  for  thoroujrh  orientation  with  respect  to  the 
disease  was  clearly  evident.  In  1945.  on  the  advice  of  the  Office  of  the  Surfreon 
(Jenenil,  a  department  for  orientation  was  established  at  linms  General  Hos¬ 
pital  under  the  direction  of  Capt.  (later  Maj.)  Bernard  D.  Daitz,  Sn(\  Cap¬ 
tain  Daitz,  with  an  extensive  backjrround  of  civilian  experience  in  rehabilita¬ 
tion  of  patients  with  tuberculosis,  introduced  motlern  methods  of  instruction 
of  patients,  winning  their  confidence,  and  stimulating  an  improved  morale. 
He  pre{)ared  TB  MED  (War  Department  Technical  Bulletin)  2212,  dated  16 
May  1946,  while  assigned  to  Bruns  General  Hospital,  which  proved  a  model 
for  other  Army  hospitals  caring  for  tuberculoir  patients,  and  this  was  later 
modified  to  meet  the  special  problems  of  patients  under  care  of  Veterans* 
Administration  hospitals. 

The  ideal  program  in  the  care  of  tuberculous  soldiers  embraced  a  proper 
integration  of  medical  treatment,  social  work,  vocatioiial  counseling,  and  in¬ 
telligent  use  of  the  patient's  leisure  time.  The  immediate  and  most  important 
objective  was  to  educate  patients  concerning  their  need  for  continuing  medical 
treatment,  'riiis  involved,  first,  educational  measures  on  the  nature  of  tuber¬ 
culosis  and.  second,  measures  to  overcome  the  ai)athy,  or  even  resentment,  with 
which  soldiers  reacted  to  provision  for  their  treatment  by  the  Army  or  other 
Federal  agencies. 

To  train  ward  officers  and  other  liospital  personnel  as  teachers,  a  system 
of  staff  iiidoctrination  was  devised,  which  included  lectures  and  discussioiis 
on  (1)  problems  of  tubemdous  patients,  (2)  pathogenesis  and  ti’eatment  of 
tid)erculosis.  (3)  i)sychology  of  tuberculous  patients,  (4)  problems  in  nursing, 
(5)  problems  in  nutrition,  (6)  occupational  therapy,  and  (7)  the  best  utiliza¬ 
tion  of  the  Bed  Cross  in  the  program.  A  tuberculosis  advisory  council  was 
established  to  implement  the  program  of  staff  indoctrination  and  teaching  of 
patients.  All  of  the  services  conceimed  in  the  care  of  patients  were  repre¬ 
sented. 

The  orientation  program  for  patients  was  coordinated  by  an  officer  from 
the  medical  service.  Since  the  great  majority  of  the  tuberculous  were  bed 
patients,  ward  officers  were  made  responsible  for  instruction  of  patients  on 
the  natuie  of  the  disea.se.  On  arrival  at  the  hospital,  each  patient  was  given 
a  copy  of  ‘AVhat  You  Should  Know  About  Tul)erculosis,'’  an  educational 
pamphlet  published  by  the  Xational  Tuberculosis  Association  and  modified 
for  Army  u.se  by  the  Consultant  in  Tuberculosis,  Office  of  the  Surgeon  Gen¬ 
eral.  Medical  officers  with  proved  special  capacity  for  instruction  were  sent 
from  ward  to  ward  to  discuss  medical  problems  with  patients. 

Couii'^eling  on  other  than  medical  ])roblems  was  made  the  respon.-ibility 
of  those  best  qualified  in  the  various  fields  concerned,  including  the  educa¬ 
tional  reconditioning  services,  the  personal  affairs  division,  tlie  Red  Cross, 
the  librarian,  and  others.  It  was  important  at  the  outset,  and  concurrently 
with  the  program  of  medical  instruction,  to  reassure  patients  as  far  as  pos¬ 
sible  with  regard  to  the  future  and  to  ascertain  and  develop  their  educational 
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and  vocational  interests  and  capacities.  Since  most  of  the  patients  would 
ultimately  l)e  beneficiaries  of  the  Veterans'  Administration,  the  system  of  care 
at  Veterans’  Administration  hospitals  and  their  rifrhts  and  privilejres  as  vet¬ 
erans  under  the  Vocational  Kehabilitation  Act  (Public  Law  10,  7Sth  Coufr.) 
and  the  Servicemen's  Keadjustment  Act  of  1944  (Public  Law  340,  78th 
Cou".).  more  commonly  known  as  the  G.L  Hill  of  Rights,  were  carefully  ex¬ 
plained.  Ar  the  same  time,  patients  were  asked  to  discuss  freely  their  ])ersonal 
problems  and  their  complaints.  These  principally  centered  on  their  isolation 
from  friends  and  relatives.  Most  of  the  patients  had  been  overseas  for  many 
months,  and  the  long  separation  from  home  brought  their  morale  to  a  low 
ebb.  Everything  possible  within  reason  was  done  to  overcome  this  sense  of 
isolation.  The  specific  complaints  most  frequently  heard  were  about  diet, 
and  these  were  more  concerned  with  its  palatability  and  serving  than  with 
its  basic  quality.  Serious  attention  was  given  to  these  complaints,  and  note¬ 
worthy  improvement  in  dietary  service  was  accomplished. 

Motion  pictures  of  both  educational  and  diversional  character  were  pre¬ 
sented  on  a  scliedule  adapted  to  the  strength  of  the  different  groups  of  pa¬ 
tients,  and  extensive  use  was  made  of  the  library.  Many  patients  undertook 
studies  that  yielded  academic  credit.  The  vocational  interests  of  patients 
were  studied  by  the  Kuder  vocational  interest  test  (Kuder  Preference  Rec¬ 
ord).  and  j)atients  were  made  acquainted  with  the  correspondence  courses 
available  through  the  United  States  Armed  Forces  Institute, 

Occupational  therapy  was  carried  out  on  a  scale  commensurate  with  the 
patients'  strength.  The  various  forms  of  light  occupation  used  in  Army  hos¬ 
pitals  were  employed,  and  a  large  majority  of  patients  availed  themselves  of 
some  form  of  occupational  therapy.  Indeed,  a  major  difficulty  was  to  restrain 
them.  Light  occupation  was  often  sought  by  patients  whose  medical  regimen 
demanded  strict  bed  rest. 

Orientation  programs  on  a  less  formal  basis  Avere  in  effect  at  the  other 
Army  hospitals  for  the  tubercidous.  The  period  of  time  during  which  the 
plan  formally  established  at  Hruns  General  Hospital  was  in  operation  was 
too  short  to  determine  how  effective  it  coidd  be.  Some  good  was  definitely 
accomplished.  This  was  .substantiated  by  the  information  obtained  from 
questionnaires  filled  out  by  patients  and  by  their  attitude  later  in  veterans' 
hospitals.  Had  the  need  developed  for  continued  hospitalization  of  tubercu¬ 
lous  patients  in  Army  hospitals,  it  is  believed  the  program  as  developed  at 
Bruns  General  Hospital  would  have  proved  highly  effective. 

Part  V.  Care  of  Recovered  and  Captured  Prisoners  of  War 
RECOVERED  PRISONERS  OF  WAR 

Tuberculosis  in  recovered  prisoners  of  war  has  already  been  discussed  in 
the  sections  on  the  individual  theaters  in  this  chapter.  An  increased  inci¬ 
dence.  as  compared  with  the  general  rate  for  troops  in  the  theater,  was  found 
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in  men  wlio  hud  been  prisoners  of  the  (lerinan  and  Japanese  military  forces 
for  some  months.  E.xact  studies  of  the  incidence  were  not  made,  because  of  a 
number  of  circumstances  arisinjr  at  the  time.  In  the  European  tlieater,  the 
liberation  of  prisoners  in  the  course  of  rapid  movement  of  American  trooi)s 
through  Germany  occurred  at  a  time  of  gnive  shortage  of  X-ray  film  in  the 
theater.  Accordingly,  roentgenograms  of  the  chest  were  not  made  on  all 
recovered  prisoners,  as  had  been  the  hope  of  the  Office  of  the  Surgeon  Gen¬ 
eral,  but  only  on  those  who  were  hospitalized  for  one  or  another  reason.  As 
has  been  pointed  out  (pp.  344-34')).  the  incidence  of  tuberculosis  discovered  in 
the  hospitalized  recovered  prisoners  in  the  Euro])ean  theatei-  averaged  about 
6  men  per  1,000,  or  appro.ximately  si.x  to  eight  times  the  general  average  for 
troops  in  the  theater.  However,  the  group  examined  by  X-ray  were  .selectetl 
simply  because  of  malnutrition  or  evident  illness,  and  it  is  reasonable  to  sup¬ 
pose  that  l  a*  incidence  of  tuberculosis  was  higher  in  this  group  than  in 
recovered  prisoners  who  appeared  in  goo<  health. 

Kates  recorded  for  prisonei's  recovered  m  the  Pacific  area  were  somewhat 
higher.  Several  reports  indicated  that  approximately  1  percent  of  the  men 
i-ecovered  in  the  Philippines  had  what  was  believed  to  be  active  tuberculosis. 
However,  prisoners  were  recovered  at  such  a  wide  numbei*  of  points,  where 
facilities  for  X-ray  study  were  not  available,  that  an  overall  rate  for  the 
Pacific  is  unobtainable.  A  hoard  appointed  by  The  Surgeon  General,  includ¬ 
ing  representatives  of  several  medical  si)ecialties,  examined  4,618  repatriated 
prisoners  at  West  Coast  debarkation  hospitals.  Out  of  3,742  who  were 
checked  with  roentgenograms  of  the  chest,  101,  or  2.7  percent,  showed  evidence 
of  active  pulmonary  tuberculosis.®**  A  preliminary  examination  by  Major 
Roper  of  films  made  at  Letterman  General  Hospital  on  prisoners  recovered 
in  the  Pacific  area  brought  to  light  8  cases  of  active  minimal  and  3  cases  of 
active  moderately  advanced  tul)erculosis,  and  2  cases  of  pleural  effusion.  Of 
this  group,  only  2  of  the  minimal  and  2  of  the  moderately  advanced  cases, 
and  1  of  the  cases  of  pleural  effusion,  had  l)een  reported  on  admission  to  the 
hospital.  The  total  incidence  of  active  cases,  assuming  that  the  pleural  effu¬ 
sions  were  tuberculous,  was  thus  13  in  966  or  about  13  per  1,000,  a  figure  much 
higher  than  the  average  incidence  in  nonprisoner  groups  at  separation.  (See 
chart  19  for  incidence  at  separation  in  troops  with  and  without  foreign  serv¬ 
ice.)  Various  other  individual  reports  on  sample  liberated  groups,  all  showed 
rates  jnuch  above  the  average  for  troops  on  duty  in  the  Pacific  theatei-s. 
Hence,  there  is  good  reason  to  l)elieve  that  a  general  increase  of  tuberculosis 
occurred  in  prisoners.  This  was  attributed  to  one  or  both  of  two  principal 
reasons:  (1)  Breakdown  of  small  latent  lesions  that  might  otherwise  have 
remained  stable,  and  (2)  actual  acquisition  of  new  infections  as  a  result  of 
exj)osure  in  prison  camps.  The  latter  was  l)elieved  to  be  much  more  of  a 
factor  in  the  Pacific  area  than  in  the  European  theater. 
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In  the  European  theater,  as  a  rule,  Ainerioan  prisoners  were  quartei-ed 
in  barracks  sepanite  from  those  used  for  other  prisonei*s.  or  wei-e  quartered 
with  Britisli  prisonei-s.  In  either  event,  there  was  relatively  little  opportu¬ 
nity  for  exposui'e,  as  the  incidence  of  tuberculosis  was  comparatively  low  in 
both  armies.  However,  as  meilical  officers  in  the  theater  pointed  out,  and  as 
noted  elsewhere  in  this  chapter,  freipiently  prisonei-s  lived  in  quarters  that 
had  been  jjrossly  contaminated  by  previous  (Mrupants.®'  The  incidence  of 
tul)erculosis  in  Kussian  ami  other  prisonei*s  of  war  was  very  hijrh.  and  from 
time  to  time  prisoners  from  the  E.S.  Army  were  housed  in  (juarters  that  iiad 
been  pi’eviously  oc'cupied  by  Russian  and  other  troops  and  still  contained  ma¬ 
terial  that  mifiht  have  been  infected,  such  as  l)etldinjr,  furniture,  and  kitchen 
utensils. 

In  many  recovered  prisoners  of  war  in  whom  tul)erculosis  was  discovered, 
the  disease  was  complicated  by  malnutrition.  Prisoners  in  both  European 
and  Pacific  theaters  had  l»een  on  an  extremely  low  caloric  diet  and  in  jr^neral 
had  sutfeml  jrreat  loss  in  weight.  AVhether  this  had  a  specific  effect  upon  the 
progress  of  tuberculosis  could  not  lie  determined  on  the  basis  of  exact  studies, 
but  a  relationship  between  malnutrition  and  tuberculosis  is  generally  ac¬ 
cepted.  and  it  is  logical  to  a.s.sume  that  impaired  nutrition  in  U.S.  troops 
favored  the  development  and  spread  of  tuberculosis  among  them. 

Not  a  few  of  the  troops  hud  other  iliseases,  sm  h  as  dysentery  and  malaria, 
and  it  is  reasonable  to  suppose  that  i*esistance  to  tuberculosis  was  lowei'ed  also 
to  some  extent  by  these  concomitant  diseases. 

Special  attention  was  devoted  to  prisoners  on  their  return  to  the  Enited 
States,  as  noted  elsewhere  in  this  chapter,  and  a  good  followup  was  main¬ 
tained.  In  view  of  the  hardships  that  many  of  these  men  endured,  and  the 
notorious  tendency  for  tul)erculosis  to  make  its  aj^pearance  years  after  the 
ac<}uisition  of  infection,  it  was  considereil  advisjible  that  these  men  be  fol- 
lowe<l  as  a  .special  group  in  the  Veterans'  Administration  for  yeai’s  to  come. 

CAPTURED  PRISONERS  OF  WAR 

The  medical  treatment  of  capture<l  (terman  and  Japanese  soldiers  who 
were  found  to  be  afflicted  with  tul»erculosis  was  a  i)art  of  the  general  program 
of  hospital  care  in  each  theater.  As  prisoners  were  taken,  they  were  trans¬ 
ferred  to  appropriate  hospitals  in  the  communications  /one,  which  were 
usually  of  station  hospital  type.  When  the  numlier  of  ])atipnts  became  suffi¬ 
ciently  large,  entire  hospitals  were  reserved  for  sick  prisoners  of  war.  Each 
of  the  hospitals  devoted  to  the  care  of  sick  and  wounded  enemy  prisoners 
had  some  patients  with  tulierculosis.  As  the  number  increased,  it  was  found 
advantageous  to  designate  certain  hospitals  with  .suitable  medical  personnel 
for  concentration  of  patients  with  tulierculosi.s.  The  same  practice,  it  may  lie 
stated,  was  followed  by  the  (lermans. 
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Insofar  as  possible,  hospitals  desif^nated  for  the  care  of  sick  and  injured 
prisoners  of  war  were  statfed  bv  captureil  inembei’s  of  the  Italian.  German, 
or  Japanese  medical  departments,  ('ertain  hospitals  moved  forward  with  the 
advanciiifr  army,  so  that  the  transportation  problem  in  taking;  care  of  sick 
prisonei-s  was  minimized.  For  example,  the  7029th  Station  Hospital,  which 
was  in  the  neij;hl)orhood  of  Pisa  in  the  last  weeks  of  the  war  and  housed  a 
j;o<m1  many  tul)erculous  Italians,  had  been  designated  for  the  care  of  prison¬ 
ers  of  war  many  months  previously  in  North  Africa.  The  334th  Station 
Hospital  (German  staffed),  near  Florence,  served  an  adjoining  stockade  for 
(ierman  prisoners  and  contained  a  few  patients  with  tul)erculosis.  A  group 
of  hospitals  near  Isigny  in  Normandy  were  combined  to  form  a  hospital  cen¬ 
ter  for  prisoners  of  war;  one  of  these,  the  8274th  General  Hospital  (Provi¬ 
sional),  Calvados,  France,  was  designated  to  house  a  considerable  number  of 
captured  (iermans  proved  to  have  tuberculosis.  Certain  hospitals  in  Eng¬ 
land,  particularly  those  that  had  been  previously  well  staffed  with  officers 
experienced  in  tuberculosis,  including  the  304th  Station  Hospital  near  Henley- 
on-Thames  and  the  327th  General  Hospital  near  Blockley,  were  designated  as 
centers  to  which  German  patients  with  tul)erculosis  could  he  sent. 

The  general  principle  followed  was  that  prisoners  with  tuberculosis 
should  be  sent  to  those  hospitals  where  German  doctors  with  particular  ex¬ 
perience  in  the  disease  were  members  of  the  staff.  A  wide  variation  was 
found  in  the  caliber  of  the  men  concerned,  but  in  general  it  was  good.  Diag¬ 
nosis  by  radiological  and  laboratory  methods  was  excellent  in  certain  of  the 
hospitals  just  named,  and  care  was  superior  within  the  limitations  of  equip¬ 
ment  available.  The  discipline  among  patients  was  especially  noteworthy. 
The  same  amenability  to  discipline  in  German  prisoner  was  noted  when  they 
were  treated  for  tuberculosis  in  the  United  States.  Pneumothorax  was  prac¬ 
ticed  expertly  by  German  jihysicians,  many  of  whom  were  graduates  of  medi¬ 
cal  classes  after  1930. 

After  the  termination  of  hostilities,  as  conditions  became  more  stabilized 
for  medical  care  in  Germany,  patients  with  tuberculosis  were  transferred  to 
hospitals  within  the  American  occupied  zone  in  Germany. 

Treatment  in  the  United  States 

C’ases  of  tuberculosis  were  discovered  in  all  groups  of  prisonei’s  in  the 
United  States,  and  care  entirely  comparable  to  that  given  American  patients 
with  tuberculosis  was  accorded  them.  Special  provision  was  made  for  tuber¬ 
culous  prisoners  of  war  by  War  Department  Prisoner  of  War  Circular  No.  11, 
8  February  1944,  which  directed  that  those  afflicted  with  pulmonary  tubercu¬ 
losis  be  sent  to  the  prisoner-of-war  camp  station  hospital  in  Florence,  Ariz. 
At  this  hospital,  they  were  to  be  examined  by  a  mixed  medical  commission  of 
representatives  from  neutral  countries  with  a  view  to  repatriation.  It  was 
directed  that  cases  of  noni>ulmonary  tuberculosis  be  sent  for  care  to  certain 
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genenil  hospitals  (lesijjnatecl  in  each  service  (‘onunaiul  for  the  care  of  prison¬ 
ers  of  war.  Snhseqnently,  when  the  station  liospital  at  Florence  was  ahan- 
iloned  as  a  center  for  such  patients,  about  50  tul>erculous  (lennan  and  Italian 
prisonei's  of  war  were  sent  to  Fitzsiinons  General  Hospital,  where  a  nuinl)er 
had  already  l)een  sent  from  other  places  pendin*;  Hnal  determination  of  poli¬ 
cies  jfoverninj;  the  treatment  and  disposition  of  sick  prisoners  of  war.  On  5 
January  1945,  a  telegram  from  the  Office  of  the  Provost  Mai'shal  General  to 
several  service  command  headquartei-s  tlirected  that,  pendinjr  further  revision 
of  policy,  prisoner-of-war  patients  with  i)ulmonary  tuberculosis  shouhl  l)e 
ti’ansferred  as  follows:  German  prisoners  to  Glennan  General  Hospital,  Ok- 
mul^iee,  Okla.,  Italian  prisoners  to  Bruns  General  Hospital,  and  Japanese 
prisoners  to  the  prisoner-of-war  camp  station  hospital.  Camp  McC^o}’,  Wis. 
Wherever  German  prisoners  of  war  were  concentrated,  a  sharp  diffei'ence  of 
opinion  was  found  to  exist  in  the  Nazi  and  anti-Xazi  ^jroups.  and  it  was  fjen- 
erally  ne<‘essary  to  house  them  in  entirely  separate  wards. 

Relatively  lar«j:e  numbers  of  Italians  were  found  to  have  tuljercidosis. 
The  German  Army  ap[)eared  to  have  l)een  s(‘reened  in  a  much  more  thoroujrh 
manner  than  the  Italian.  In  fact,  the  number  of  tul)erculous  Italians  was  so 
high  in  certain  areas  that  it  was  considered  advisable  by  Army  Service 
Forces  Circular  No.  342.  14  Octolwr  1944,  to  make  mass  X-ray  surveys  of  all 
Italian  service  trooi)s  for  the  discovery  of  cases  of  tuberculosis. 

The  total  number  of  Japanese  prisoners  in  the  ITiited  States  was  rela¬ 
tively  small,  and  therefore  the  problem  of  tuberculosis  in  Japanese  prisoners 
was  minor.  A  small  number  were  kept  for  care  at  the  station  hospital  of 
Camp  McCoy.  Xo  significant  differences  were  noted  in  the  diameter  of 
tulierculosis  in  the  different  groups,  but  the  experience  at  Fitzsimons  General 
Hospital  indicated  that  the  German  pri.sonei-s,  as  a  rule,  made  better  progress 
than  Italian,  a  fact  attributed  to  their  better  discipline  and  acceptance  of 
medical  direction. 

A  comprehensive  report  on  the  medical  care  of  prisoners  of  war  in  a 
general  hospital  in  the  Cnited  States  was  made  by  Col.  Louis  B.  LaPlace, 
M(\  at  Glennan  General  Hospital.”-  Glennan  General  Hospital  was  in  close 
proximity  to  a  numlier  of  large  prisoner  camps  and  was  well  adapted  to  care 
for  prisoners.  Xinety  percent  of  the  patients  were  Germans  and  Austrians, 
and  the  remainder  wem  nationals  of  Axis  satellite  or  invaded  countrie.s.  It 
functioned  as  an  installation  specifically  for  prisoners  of  war  from  August 
1944  to  May  1945.  Glennan  General  Hospital  was  ultimately  converted  to  a 
general  hospital  for  American  j)ersonnel,  and  all  of  its  prisoner  patients  were 
transferred  to  Prisoner-of-War  General  Hospital  X^o.  2.  established  at  Camp 
Formst,  Tenn.,  which  had  the  great  advantage  of  a  large  barracks  area  where 
patients  unfit  for  duty,  but  not  requiring  hospital  care,  could  l)e  accommo¬ 
dated. 

•>2  IjilMncp,  F..  B.  :  TnlH*rcnlowi«  at  n  Prisoner  of  War  Hospital.  Bull.  I’.S.  .\rmy  M.  Dopt.  7  : 

April  19-17. 
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To  the  jrreatest  extent  jKJssihle,  (Tleiuiiin  (tenenil  Hospital  and  Prisoner- 
of-War  (ieneral  Hospital  No.  2  were  staffed  witli  (Jerinan  medical  depart¬ 
ment  })ersonnel.  includinj;  metlical  otlicers  and  enlisted  men.  The  professional 
aptitude  of  the  (lerman  medical  officers  varied  considerably.  A  nmnl)er  with 
excellent  (pialiHcations  were  on  duty,  hut  as  amon^  the  patients,  there  was  a 
definite  difference  in  attitude  amonj;  them,  based  on  adherence  or  opposition 
to  the  Nazi  party. 

The  staff  of  the  medical  service  at  (ilennan  (Ieneral  Hospital  was  com¬ 
posed  of  two  Americans  and  eijrht  (ierman  me<lical  officei-s.  The  numlier  of 
(lerman  war<l  attendants  averaged  50  for  the  11  wards  utilized  by  the  medi¬ 
cal  service.  Only  one  American  enlisted  man  was  needed  to  supervise  the 
entire  medical  service.  .Vmerican  nurses  were  not  utilized  on  the  wards. 

Approximately  31  percent  of  the  German  patients  at  Glennan  General 
Hospital  had  tulierculosis  of  the  res])iratory  tract.  This  relatively  hifjh  in¬ 
cidence  was  due  to  the  fact  that  Glennan  was  the  only  hospital  for  prison¬ 
ers  of  war  designated  for  the  specialized  care  of  tul)erculosis.  As  Colonel 
TaiPlace  pointed  out,  the  Mil>erculosis  section  constituted  a  sj)ecial  problem. 
It  admitted  304  patient>  in  whom  the  diafrnosis  of  tul)erculosis  of  the  luufr 
or  pleura  was  established.  Because  of  anticipated  repatriation,  active  cases 
could  receive  only  conservative  treatment,  includinfr  pneumothorax.  Since 
repatriation  was  slow,  these  patients  accumulated  in  the  hospital  until  they 
tilled  ()  of  file  11  medical  wtirds.  In  spite  of  the  .severity  of  a  lar^je  jjercent- 
ajre  of  the  cases,  only  five  deaths  occurred  on  the  tuberculosis  section:  of 
these,  three  patients  were  prisoners  of  Russian  origin  who  had  accepted  serv¬ 
ice  in  the  German  Army.  The  clinical  coui’se  of  the  disease,  in  the  majority 
of  instances,  was  relatively  benign. 

Special  diets  were  available  to  patients  who  needed  them.  All  patients 
on  the  tuberculosis  section  at  Glennan  General  Hospital,  according  to  (^olo- 
nel  LaPlace,  received  a  routine  diet  of  2,500  calories  daily,  with  vitamin 
supplements.  Colonel  LaPlace’s  report  pointed  out  that  Glennan  General 
Hospital  was  a  noteworthy  example  of  this  country's  full  adherence  to  the 
terms  of  the  Geneva  Convention.  Prisoners  of  war  were  hospitalized  in  one 
of  the  best  constructed  and  equipped  of  any  excejit  permanent  Army  hospitals. 

The  number  of  tuberculous  patients  admitted  to  the  medical  service  con¬ 
stituted  2.(>  percent  of  all  admissions  to  the  hospital.  Among  the  10  percent 
of  patients  in  the  tulierculosis  section  who  were  not  Germans  or  Austrians 
were  Russians,  Poles,  Czechs,  French,  Yugoslavs,  Arabs,  and  othei-s.  Mo.st 
of  these  had  been  persuaded  to  join  the  Wehrmacht  or  Arlieitsdienst  by  a 
period  of  starvation  and  exposure  in  a  concentration  camp.  In  many  cases, 
it  is  lielieved  that  mistreatment  had  caused  activation  of  tulierculosis. 

In  this  connection,  it  may  Ije  noted  that  the  admission  rate  for  tubercu¬ 
losis  in  German  prisoners  of  war,  as  recorded  in  the  Medical  Statistics  Divi¬ 
sion  of  the  Office  of  the  Surgeon  General,  was  1.9  per  1,000  jier  annum  in 


IXKK(  TIOUS  DISKASKS 


31H) 


l}>44.  This,  for  the  most  part,  I’epivsented  admission  l)eoause  of  symptoms. 
Otrasicmally,  jjitmps  weiv  siirveveil  moiv  sj)efifinilly  for  lnl)eirulosis;  such 
surveys  increasetl  the  rate.  An  iinusuallv  liijrh  rate  was  observed  in  one 
conducted  in  the  Fii'st  Service  ('ommand.  The  <‘ond»iiUMl  fifrure  for  active 
and  inactive  tid)erculosis  of  i-einfection  tyjx*  ami  chronic  Hl)rotic  tul)erculosis 
found  in  this  survey  was  cases  in  4.()41  e.vaminations. 

The  tul)er«Milosis  .se<'tion  at  (tlennan  (lenenil  Hospital  was  a  subdivision 
of  the  medical  service  and  was  a«*comm<Mlated  in  seven  standard  wards.  One 
of  these,  a  .so-called  international  ward,  was  desijrnatetl  for  the  Kussians, 
l*ole.s,  and  anti-Xa/i  (Jermans  who  ivquiml  protective  sejrre*ration  from  the 
other  (termans  in  the  hospital. 

The  tulienuilosis  station  was  su|H*rvised  by  an  .Vmerican  chief  and  assist¬ 
ant  chief  of  the  medical  service  ami  one  serjreant.  The  international  wanl 
was  administeivd  directly  by  American  medical  officers.  Otherwise,  all  metli- 
<‘al  officers  in  attemlam'e  were  memlH‘rs  of  the  Oerman  Sanitiitsdienst  who 
were  classiHe<l  by  the  (teneva  ('onvention  as  protec*ted  pei*sonnel  rather  than 
as  prisoners  of  war.  The  Oerman  chief  of  se<*tion  was  a  ivlatively  well  <|uali- 
Hed  s|M‘cialist  in  tulHurulosis  who,  prior  to  (‘aptiire.  had  served  in  a  .sub¬ 
marine  and  at  an  outiM»st  on  the  Arctic  (’ircle. 

(Vrtillcation  of  patients  for  ivpatriation  was  an  important  part  of  the 
work  and  caused  many  difficulties.  Accordinjr  to  the  Oeneva  ('otivention.  all 
j)risoners  of  war  who  had  active  pulmonary  tul)erculosis,  as  indicated  by  the 
lindinj;  <»f  acidfast  bacilli,  were  to  lie  returned  to  (iermany  as  smut  as  pos¬ 
sible.  As  a  ivstdt.  patients  attempted  to  sidistitute  a  known  positive  sputum 
for  their  own.  Accordinj;  to  (’olonel  LaPlace,  the  Oerman-pn)tected  i)erson- 
nel  were  accusetl  of  l)ein<r  collal>orationists  if  they  did  not  help  in  this  suh- 
terfu#re.  Sputum  iv|K)rt.s  were  theivfoi*e  considered  unreliable,  and  the  ac¬ 
tivity  of  tul)eiTtdosis  was  often  almost  im|H>.s.sihle  to  determine. 

Treatment  included  principally  iv.sl,  a  hijrh  caloric  diet  with  vitamin 
supplements,  and  pneumothora.x  as  indicated.  Radical  surgical  therapy  was 
not  undertaken  l)e<’au.se  of  the  prosjiect  of  repatriation  for  definitive  care. 
Many  patients  l)ecame  arivsted  cases  in  the  hospital  and  were  ivturned  to 
light  dnt3'. 

Of  the  Ji(>4  cases  of  tul)erculosis,  '2iu  wei*e  pulmonary  and  .‘$7  had  tidnu’- 
culous  pleurisy  with  effusion.  In  14  cases,  laUh  pulmonary  involvement  and 
pleural  effusion  were  present.  Kxtnipulmonary  cases  included  tul)ercidosi.s  of 
the  larynx,  epididynii.s,  joints,  kidney,  meninges,  peritoneum,  and  cervical 
lymph  nodes.  In  all,  theiv  were  14  nonpulmonary  cases. 

The  exjierience  of  (ilennan  (teneral  Hospital  has  l)een  ivcorded  in  <letail, 
l)ecau.se  of  the  compivhensive  ('haracter  of  the  rej)ort  on  tulau’cidosis  at  that 
hospital.  The  problems  and  care  as  outlined  may  l)e  consideml  as  represen¬ 
tative  of  the  service  at  the  other  hospitals  for  prisoners  of  war  in  this  country. 
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TREATMENT  UNDER  THE  MILITARY  GOVERNMENT  IN 

GERMANY 

The  control  of  tul)erculosis  formed  an  important  part  of  the  public  health 
pro}>:ram  of  the  office  of  military  ^^vernment  in  each  of  the  occupation  zones. 
It  was  accentuated  in  Germany  hy  the  total  disruption  of  tuberculosis  serv¬ 
ices  followinjr  the  collapse  of  the  Nazi  {Government.  Prior  to  World  War  II, 
Germany  had  a  well-or{ranized  pro{rram,  which  was  rapidly  diminishinjr  the 
prevalence  of  tul)erculosis  in  the  Reich.  Followin«r  the  First  World  War, 
German  public  health  e.\{)erts  had  adopted  a  projrram  based  on  improved 
disj)ensary  facilities  for  discoverin{r  cases  of  tul)erculosis.  t)etter  care  in  homes 
and  sanatoriiims,  inci-ease  in  facilities  for  ti-eatment,  and  centralization  of 
Knance  in  {lenenil  measui’es  for  control.  At  the  outset  of  the  Second  World 
AVar,  case-findin{;  surveys  with  roeut{reno{rrams  were  ))ro‘rressin{r  on  a  hu{re 
scale,  but  after  the  middle  of  194.‘i  the  intense  l)omhin{r  of  German  cities 
destroyed  so  many  facilities  that  the  X-ray  pro{rram  came  almost  to  a  stand¬ 
still. 

The  hi-eakdown  in  the  <reneral  public  health  pro{;ram  had  resulted  in 
admittin{r  to  industry  a  {rood  many  workers  with  tul)erculosis  who,  in  pre¬ 
war  times,  would  not  have  l)een  accepted  for  work.  It  is  {renerally  believed 
that  this  bi*eakdown  in  .service  resulted  in  the  spmul  of  tul)erculosis  within 
the  German  popidation.  The  admission  of  tul)erculous  i)ei-sons  to  industry 
was  rationalized  bv  the  Nazi  officers  for  tul)erculosis  control  bv  official  com- 
munications  .statin{r  that  the  dan{rer  of  transmission  of  tul)erculosis  had  l)een 
e.\a{r{rerated  in  the  past.”'* 

In  addition,  durin{r  the  war,  lar{re  numl>ers  of  lal)oms  wei-e  impoiled 
from  adjoining  countries  with  little  or  no  sci'eenin{r  for  tul)erculosis.  It  is 
probable  that  many  cases  of  communicable  tuljerculous  disease  were  admittetl 
in  this  way,  for  (he  {reneral  tulierculosis  rates  in  surroundin{r  countries  were 
much  hi{rher  than  in  Germany. 

AA’hen  the  U.S.  Army  t<K)k  over  the  public  health  pro{rram  for  the  Amer¬ 
ican  Zone,  the  control  of  tulwrculosis  was  proceedin{r  on  a  pui*ely  local  basis. 
Central  control,  previously  loc'ated  in  Berlin,  was  no  lon{rer  in  oi)eration  and. 
in  fact,  many  of  the  former  leaders  of  the  projrram.  havin{r  l)een  prominent 
adherents  of  the  Nazi  party,  were  under  detention  in  Army  headquarters. 

The  local  unit  of  tul)erG*ulosis  control,  the  Fursor{;estelle.  was  in  oj)era- 

tion  in  most  communities,  ostensibly  in  the  same  manner  as  l)efore  the  war. 

■  • 

However,  <{ualified  personnel  was  much  reduced  in  nund)er.  and  many  of  the 
German  clinics  had  l)een  forced  by  bombin{;  to  leave  their  i*e{rularly  consti¬ 
tuted  quarters  and  to  take  up  operation  in  inferior  dwellin{rs.  often  with  in- 
ade<piate  equipment.  Moreover,  the  visitin{]G  by  Fursor{restellerinnen  to  the 
homes  of  tuberculous  patients  had  been  almost  discontinued  l)ecause  of  the 

'•..T  r)r.  Kii.vser-rptorHpn.  Opiiornl  S«><Tftar.v :  .\rlM>UtieinHRtz  von  Tuborkuloson.  IlPricht  fiber  ilas 
OeschiiftH  Jalir  Relohs-TiiberkuloKe-.Ximwhusa.  Rprlln.  (('aptiired  German  dooument. I 
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lack  of  transportation.  No  ntotor  cai-s  were  available,  as  a  rule,  and  in  the 
i-are  eiiruinstances  where  motor  lrans|M)rtation  eouhl  lie  obtained,  gasoline 
was  very  short,  so  that  few  visits  eould  l>e  made.  At  the  same  time,  facilities 
for  reportiiifr  tulieivulosis  were  much  i-educed,  so  that  no  clear  picture  of  the 
piwalence  of  tul)erculosis  was  obtainable  in  most  localities. 

In  Septeml)er  1945,  a  tul)en*ulosis  se<‘tion  was  orjjatiizeil  in  the  Preven¬ 
tive  Medicine  Hranch  of  the  Public  Health  Branch  of  Military  (iovernment 
for  (lermany  (I  nited  States)  in  Frankfurt  and  Berlin.  Preliminary  sur¬ 
veys  were  made  by  ('apt.  S.  (’.  Stein.  M(',  and  the  otlice  was  taken  over  by 
the  ('onsultant  in  Tuberculosis  from  the  Office  of  the  Surfreon  Cieneral  on  a 
temporary  duty  basis  on  I  Septemljer  1945.  hhery  effort  was  made  in  the 
succeedinjr  months  to  promote  restoration  of  the  (ierman  pi*op’am  to  its  pre¬ 
war  condition.  Insofar  as  {)ersonnel  qualifying;  under  the  denaxifh'ation  rules 
were  obtainable,  suitable  public  health  officers,  e.\|)erience»l  in  tul)erculosis 
control,  were  ap)M)inted  in  the  Liinder.  Kreisen.  and  smaller  units.  In  No- 
veml)er  1945.  the  section  was  taken  over  by  Lt.  ('ol.  I^(»  V.  Schneitler,  M(', 
who,  in  addition,  acted  as  aide  to  the  chief  of  the  public  health  branch.  l*n- 
der  his  direction,  jrreat  proj;ress  was  made  in  improving  reporting  and  in  the 
|)rovision  of  Wtls  for  tul)erculous  patients  throughout  the  I'.S.  Zone.  Subse- 
(luently,  Ia.  ('ol.  (lilberto  S.  Pes<juera.  M(',  was  appointed  tul)erculosis  con¬ 
sultant  for  the  Office  of  Military  (fovermnent.  Iti  a  stories  of  ivports  to  the 
Director  of  the  I*ublic  Health  Office  of  Military  (Iovernment  in  May  li>4(>. 
further  projrress  was  in(li«*ated.  including  l)etler  utilization  of  l)eds — particu¬ 
larly  with  resjiect  to  the  distrilmtion  of  l)eds  for  (Jerman  civilians  and  dis¬ 
placed  iMM’sons — and  the  control  of  dissemination  of  disease  from  oj)en  cases. 

In  each  major  division  of  the  (X'cupied  zone,  an  American  medical  offi¬ 
cer  in  the  office  of  the  chief  of  the  hn-al  public  health  bram-h  was  assigned 
the  sj>ecific  task  of  stimulating  the  profrram  for  control  of  tul)erculosis. 
Forms  were  ])repared  for  proi)er  ivportinjr,  and  constant  effort  was  made  to 
increase  the  numl)er  of  IkmIs  available  for  care  of  tuberculous  patients  dis- 
coveivd  in  the  (ierman  ])opulation. 

The  9  ()ctol)er  1945  memorandum  of  the  ('onsultant  in  Tuberculosis. 
Office  of  the  Surjreon  (ieneral,  callecl  attention  to  the  progress  effecte<l  in 
the  transfer  of  tulienailous  (ierman  prisoners  of  war  from  .Vrmy  hospitals 
to  (ierman  hospitals  and  sanatoriiims  for  civilians  and  to  the  measures  fol¬ 
lowed  in  handling  tul)erculosis  amon^  displaced  |>ei-sons.  The  latter  ])rove(l 
a  larj;e  and  difficult  problem,  which  was  jointly  attacked  by  the  army  of 
occupation  (Third.  Seventh,  and  Ninth  P.S.  Armies),  the  Office  of  Military 
Government,  and  the  Pnited  Nations  Belief  and  Behabilitation  Administra¬ 
tion.  the  chief  public  health  officer  of  which  was  supplied  by  the  P.S.  Public 
Health  Service.  This  reimit  outlined  in  tletail  the  ivsjKUisibilities  ami  short- 
cominjrs  of  the  German  civilian  public  health  orpinization  for  tul)erculosis 
control  at  and  l>elow  the  T..sind  level.  It  laid  sj)ecial  stress  on  the  inadetpiacy 
of  reiJortin#;.  the  insufficiency  of  clinics  and  of  hospital  and  sanatorium  l)eds 
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for  tubeirulosiis,  the  number  of  o|)en  cases  in  homes,  tlie  serious  housing  prob¬ 
lem  and  I'esultant  crowding,  and  the  impaiml  nutrition  of  tlie  population. 
It  was  |)ointed  out  that  in  a  typical  city  of  about  140, (K)0  (Augsburg,  (ler- 
many,  was  cited  as  the  example)  more  than  jjei'sons  with  o[)en  tul)ercu- 

losis  were  believed  to  be  i-esident  in  liomes.  rather  than  in  sanatoriums.  The 
housing  shortage  in  the  American  Zone  was  such  that  the  numl)er  of  (K‘t*u- 
{)ants  j)er  room  in  the  large  cities  had  more  than  doubled  as  compaml  with 
the  prewar  figure.  The  official  f(MKl  ration  at  the  time  providetl  only  1,300 
calories  a  day,  and  although  this  was  supplemented  hy  3(K)  calories  of  non- 
rationed  fotxls  by  jnany  persons  with  access  to  rural  amis  around  cities,  at 
Ijest  the  diet  fell  far  short  of  that  lielieved  es.sential  to  maintain  normal  iv- 
sistance  to  disease. 

The  mortality  from  tnlierculosis  was  far  greater  in  Berlin  than  in  other 
parts  of  the  American  Zone.  Kecorded  annual  rates  for  Berlin  i*egularly 
exceeded  2(K)  |)er  100,(KH)  popidation,  whemis  the  rates  rejiorted  in  other 
parts  of  the  zone  (K'cnpied  by  American  tnaips  seldom  exceeded  70.  It  is 
Udieved,  however,  that  in  the  majority  of  instaix-es  the  records  were  inaccu¬ 
rate  and  incomplete.  Before  the  end  of  the  year,  a  reasonably  gmal  program 
was  in  effect,  the  futuiv  of  which  dejiended  upon  the  full  organization  of  tlu* 
general  public  health  jirognim  in  (lermany. 

In  the  report  last  cited,  in  addition  to  recommendations  for  American 
su|)ervision  of  (lerman  mediiail  organization  and  the  continued  effort  to  in- 
cmise  facilities  and  personnel  for  the  care  of  tnliercnlosis  in  the  I’.S.  Zone, 
the  need  for  some  central  (lerman  civilian  advisory  service  was  indicated. 
This  recommendation  was  entirely  in  line  with  general  policies  InMUg  devel- 
ojied  not  only  in  the  public  health  Held  but  also  in  the  realm  of  economics  and 
civil  government.  Unfortunately,  (lerman  civilians  of  the  reipiired  calilier 
were  not  available.  The  former  (leneral  Secretary  of  the  Beichs-Tnberknlose- 
Aus.schuss  was  living  in  the  zone  but  was  not  eligilile  under  the  regulations 
prevailing  with  ivspect  to  |)ersons  with  previous  Nazi  affiliations,  nor  was  it 
possible  tluring  the  jiericMl  covered  by  this  history  to  fiml  anyone  with  com¬ 
parable  (pialiHcations  who  was  eligible. 

At  the  end  of  194.5.  it  apiieaml  likely  that  a  rise  in  the  tnlKorulosis  rate 
would  ensue,  as  it  did  after  World  War  I,  but  it  was  lielieved  that  improve¬ 
ment  in  the  local  organizations,  supplemented  by  assistance  from  a  partially 
uniHed  (lermany,  if  this  were  ultimately  effected,  would  stem  this  in  time. 

Part  VI.  Tuberculosis  in  British  and  Canadian  Military 

Forces 

Published  accounts  offering  valuable  material  for  comparison  with  the 
experience  of  the  U.S.  Army  are  available  from  the  Royal  Xavy,  the  Royal 
Air  Force,  and  the  Canadian  Army. 
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ROYAL  NAVY 

The  military  forces  in  (ii-eat  Britain  required  a  physical  examination 
but  not  an  X-ray  examination  prior  to  induction  into  service.  A  substantial 
fraction  of  the  Royal  Navy,®^  however,  was  examiiied  by  :}r>-mm.  Huoro^rraphy 
after  varying;  periods  of  service,  and  many  of  those  so  examined  weiv  I’e- 
examined  1  to  2  veai-s  later.  The  followin';  summarv  of  the  Hi-st  examina- 
tion  was  made  by  the  Consultin';  I’hysician  in  Diseases  of  the  ('he.st  to  the 
Royal  Navy,  who  was  in  res|)onsible  charge  of  the  examinations: 

Flu«>r'»>'r«pliy  of  47SI,‘t7.‘l  a|)|MU‘cntly  healthy  male  iiersonnel  of  the  Uoyal  Navy 
showe<l  that  fi,077  (12.7  i»er  1,000  (  had  radlolojrical  sisras  of  adult-type  pulmonary  tul)er- 
culosis.  In  47.S)  iierceut  of  these  the  lesion  was  “minimal." 

Of  2:4,.‘144  WUNS.  21.S  (9.1  per  l.tlOOl  had  similar  evidence  of  tuberculosi.s,  and  the 
lesion  was  minimal  in  .">.4  i)ercent  of  these. 

Similar  investipitions  anions  civilians  will  no  donht  hrin^  to  liKht  lar^e  nnml)ers  of 
cases  of  pulmonary  tnliercniosis  of  this  slight  dejiree,  raisin;:  difficult  problems  of  dis- 
{tosjil  ami  treatment. 

In  some  of  these  minimal  cases  the  'lisease  is  arrestwl,  or  is  retrop:ressive,  hut  in 
others  it  is  prouressive.  Careful  study  is  nee'le'l  to  decide  whether  the  infe<‘tion  is 
active,  and  investi;:atiou  in  hospital  is  es.sential.  When  2.911  sailors  with  minimal 
lesions  were  tirst  studie<l  in  hospital  10  percent  showetl  evidence  of  active  infection, 
while  in  Oil  percent  the  di.sease  appeare'l  to  l>e  inactive  hut  the  stability  of  the  lesions 
was  doubtful.  In  21  i»ercent  the  disease  was  arreste<l. 

Naval  i)ersonuel  with  apparently  inactive  minimal  tul»erculosis  have  l)eeu  plaml  on 
lijtht  shore  duties  and  kept  under  observation.  Study  of  these  cases  shows  that  the 
youtiser  the  patient  the  more  likely  is  the  disease  to  l)ecome  active,  and  the  relapse  to 
lie  serious. 

A  siguiticaut  Hudiug,  (piite  comparable  to  tlie  results  iu  induction  sta¬ 
tions  in  the  United  States,  was  a  rise  iu  the  diagnosis  of  tulierculosis  with 
advancing  age  in  both  males  and  females.  In  the  four  decades  from  10  to  50 
years  of  age  the  rate  per  1,000  for  males  was  8.8,  10.7,  10.7  and  .‘52.8,  and  for 
females  (5.0,  0.1,  14.0.  and  12.7.  (The  nnml)er  of  females  in  the  40-  to  40-year 
jjeriod  was  too  small  to  make  the  figure  fully  valid.) 

An  equally  significant  feature  of  the  examination  was  the  mmd)er  of 
cases  discovered  in  the  minimal  stage,  the  jwrcentage  being  much  higher  than 
that  disc'ovei-ed  by  the  conventional  methods  of  physical  examination. 

This  is  in  accord  with  general  experience  in  mass  radiography.  It  is  of 
intei*est  to  note  that  the  percentage  of  all  tnl)ercnlons  cases  discovered  in  the 
minimal  stage  did  not  vary  significantly  in  the  different  age  periods.  Fol¬ 
lowup  studies  indicated  clearly  that  the  younger  the  patient  with  radiological 
evidence  of  minimal  tnljercnlosis,  the  greater  the  likelihood  of  its  displaying 
activity. 


•u  HlKtory  of  tho  Secoiul  World  War.  United  Kincdom  Medical  Services.  Medicine  and  Pathol¬ 
ogy.  London  :  Her  Majesty's  Stationery  Office,  1052,  pp.  319-.3.S2. 

Brooks,  W.  D.  W. :  Management  of  Minimal  Pulmonary  Tuberculosis  Disclosed  by  Fliioro- 
graphy.  Ijincet  1  :  745-748,  10  .Tune  1944, 
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The  uverajife  for  the  whole  foire  exuinined  was  1*2.7  per  1,000  for  men, 
and  0.1  for  women,  fijfures  slijjhtly  {fi*eater  than  those  for  rejeetions  for  pul¬ 
monary  tuberculosis  at  induction  stations  in  the  United  States. 

A  later  summary  of  the  e.\|>erience  of  the  Koyal  Navy  thi-ew  further 
light  on  the  relation  of  age  to  prognosis.  Naval  i)ersonnel  with  apparently 
inactive  tuberculosis  were  jilaced  on  light  shore  duty  and  kept  under  ob.serva- 
tion.  Almost  all  of  those  whose  lesions  proved  acti\e  with  the  passage  of 
time  were  under  25  years  of  age. 

This  last  summary  discloses  that  by  the  end  of  1944,  91,959  ratings 
passed  as  normal  on  a  first  fluorographic  examination  were  reexamined,  and 
479  cases  with  radiological  evidem*e  of  tuWrculosis  were  discovered.  Com- 
pari.son  with  the  original  film  showed  that  in  123  the  lesion  w'as  previously 
existent  but  missed.  This  yields  a  figure  of  1.3  per  1.000  of  those  fluoro- 
graphed,  which  agrees  very  closely  with  the  e.stimate  of  1.0  to  1.5  cases  |)er 
1,000  of  significant  tul)erculosis  mis.sed  at  induction  in  the  Ignited  States,  as 
calculated  by  Long  and  Stearns  from  a  rereading  of  53.400  induction  films. 
In  l)oth  groups,  the  reasons  for  failure  of  detection  and  recording  were  the 
small  size  of  the  lesion,  presence  of  the  lesion  l)ehind  skeletal  structures  that 
cast  a  denser  shadow,  proximity  to  the  den.se  hilus  structures,  and,  in  .some 
cases  ai)parently,  clerical  error. 

Of  the  479  cases  found  on  reexamination,  however,  the  great  majority 
showed  no  evidence  of  disea.se  in  tl»e  initial  film.  The.se  must  have  repre¬ 
sented  new  infections  or  manifestations  of  endogenous  spread  from  an  un¬ 
known  focus  elsewhere.  It  was  significant  that  of  the  new  group  73  percent 
were  found  in  the  minimal  stage,  a  figure  contrasting  .sharply  with  that  of 
48  ])ercent  found  for  minimal  tulierculosis  on  initial  fluorography.  Further 
analysis  showed  that  the  total  amount  of  new  tul)erculosis  discovered  on  the 
second  examination  increased  with  the  length  of  lapsed  time  since  the  first 
fluorography.  In  men  who  had  their  second  examination  within  a  year  or 
less,  the  rate  was  2.4  per  1.000;  in  tho.se  reexamined  only  after  an  interval  of 
3  years,  the  rate  was  7.3.  The  average  for  all  groups  was  3.4.  In  about  one- 
third  of  the  cases,  there  was  definite  evidence  of  activity. 

In  studying  these  figures,  it  is  of  interest  to  note  that  an  appreciable 
number  of  cases  of  tuberculosis  developed  in  the  course  of  time  also  in  United 
States  and  ('anadian  troops  Avho  had  been  screened  l)efore  acceptance  and 
that  this  increase  was  greater  in  those  who  liad  had  military  experience  over¬ 
seas  than  in  those  who  had  not;”'  also,  that  the  annual  mortal  it}*  from  tuber¬ 
culosis  in  the  Army  and  in  the  ex-Army  population  rose  steadily  during  the 
war  years.”” 

<**■>  .Som»>  Problems  of  Fluoro(tr«phy.  Roy.  Xnv.  Med.  Bull.  No.  20:  1-9,  194.’;. 

B7  See  footnote  13,  p.  337. 

(1)  Adamson.  .1.  !>..  Warner,  W*.  P.,  Keevll,  R.  F..  and  Beamish.  R.  E. ;  Tuberculosis  in  the 
Canadian  Army,  1939  to  1944.  Canad.  M.A..I.  .">2:  12.3-127,  February  1943.  (2)  See  foo.note  41, 

p.  .372. 
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The  analysis  publishevl  by  the  Koval  Navy  of  the  invasions  by  disease 
and  deaths  of  ratinjis  from  10:i4  to  15)44  indieated  that  approximately  2.r> 
men  per  l,00t)  were  invalided  earh  year  for  tul)erc‘nlosis  from  1})41  on.  Ti»e 
rate  for  otHeei’s  was  somewhat  lower.  This  H^ure  is  several  times  the  tlis- 
charjre  rate  for  tubeivulosis  in  the  T.S.  Army,  in  whieh  the  relatively  low 
rate  is  explained  by  the  radiolo*;ieal  st'reenin*;  earrie<l  out  ^  rior  to  induction. 

In  this  place,  it  is  not  out  of  order  to  }M)int  out  that  the  liritish  were  at 
all  times  le.ss  conscious  of  the  problem  of  compensation  than  the  Americans. 
Whether  tul)erculosis  was  discovered  before  induction  or  after  was  a  vital 
matter  in  the  United  States  and  ('anada.  The  disposition  of  cases  discoveml 
in  both  categories  was  approximately  the  same  in  (irreat  Kritain.  but  the 
financial  is.sue  was  of  less  c(»ncern. 

The  death  rate  for  tuberculosis  in  Royal  Navy  j)ersoTine’  dropjied  after 
15)42,  followinjr  several  years  at  a  constant  level.  It  was  the  hojie  of  the  offi¬ 
cers  concerned  that  this  was  the  forerunner  of  the  I>enetits  to  be  expected  in 
the  futuiv  from  mass  radiojrraphy  in  tlie  service  and  di.scovery  of  cases  in 
an  early  and  favorable  sta<;e. 

ROYAL  AIR  FORCE 

'I'he  Koval  Air  Force  also  made  extensive  use  of  ^lo-mm.  Huorojiraphy. 
A  report  on  15)0.()7(>  males  ami  ;>5).l)r)l  females  was  made  by  Air  ('ommodore 
K.  K.  Trail  and  associates  in  15)44.”"  All  of  the  subjects  of  the  survey  were 
already  in  service,  and  all  had  been  accepted  for  service  on  the  basis  of  physi¬ 
cal  examination.  The  men  bad  l)een  physically  examined  51  to  12  months 
previously,  some  very  strictly  because  of  their  special  duties,  and  the  women, 
all  meml>ers  of  the  WAAF,  0  months  previously  on  the  averajre.  The  «rreat 
majority  of  each  jrroup  was  under  5>()  years  of  a«rt*. 

The  total  incidence  of  tul)erctdosis  was  7.T  per  l.(MH)  in  men.  the  differ¬ 
ence,  in  comparison  with  the  12.7  discovered  in  the  Koyal  Navy.  l)einjr  in  part 
attributable  to  the  younjrer  ajre  of  the  Air  Force  personnel.  In  women,  the 
incidence  was  5).4;  that  is,  approximately  the  same  as  the  rate  of  5).l  discov¬ 
ered  in  women  in  the  Koyal  Navy.  Followup  exatttinafion  indicated  that  the 
incidence  of  active  tul)erculosis  was  2.8  |>er  1.000  in  men  ami  5J.(?  in  women. 
In  men,  the  fijruivs  with  respect  to  a<re  diffei’ed  from  those  of  the  Koyal  Navy 
in  that  active  disease  was  not  discovered  preponderantly  in  the  youiifrest  a^re 
•rroups.  but  in  increasin<r  extent  in  the  "roups  up  to  40  to  44  years.  In 
women,  the  peak  in  the  incidence  of  active  di.sease  was  in  the  20-  to  24-year 
period. 

An  interest injr  Hmliii"  common  to  the  experience  of  both  the  Royal  Navy 
and  Royal  Air  Force  was  the  rise  with  advancinjr  years  in  the  incidence  of 
calcified  lesions  interj)reted  as  the  residua  of  healed  tul)erculosis  of  childhood 

«« Trail.  R.  R.,  and  othpra :  JIass  MiniaOirp  Radlojrrapli.v  in  thf  Royal  Air  Forpp :  Rpport  on 
2.10.027  Consecutive  Exaininatioi  of  R..\.F.  anil  W.A..\.F.  I’ersonnel.  Brit.  .T.  Ttiberc.  38:  110-140. 
October  1044. 
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ty^w.  This  rise  could  si»;nify  that  cliildliood-tyi)e  tul)eri-ulosis  was  much  com¬ 
moner  veal's  ajro  than  now,  or  that  tlie  ty|)e  of  lesion  terminating  in  calciti- 
cation  'K'curml  in  later  years,  so  that  a  cumulative  rise  (x-curred  in  the  num¬ 
ber  of  healed  I'esidua. 

As  in  the  U.S.  Army,  a  higher  increase  in  incidence  was  observed  in  re¬ 
covered  prisonei's  of  war  who  had  si^nt  many  months  in  prison  camps  in 
(lerinany.  A  survey  of  7,14(>  recovered  Koyal  Air  Force  i)ersonnel  in  April 
and  May  19:15  showed  an  incidence  of  active  pulmonary  tulx^rculosis  alx*.;i 
twice  as  great  as  that  found  in  Koyal  Air  Foret  ix^rsonnel  who  had  not  been 
prisoners.'^'’ 


CANADIAN  ARMY 

The  control  of  tulx^rculosis  in  the  Canadian  Army  was  remarkably  effec¬ 
tive.  and  the  scientiHc  study  to  which  data  on  tuberculosis  were  sut>jected 
proved  illuiiunating  in  the  general  undei'stamling  of  the  pathogenesis  of 
tuoerculosis. 

X-ray  examination  was  a  requirement  on  imluction  in  the  ('anadian 
Army.  As  in  the  C.S.  AriuV,  some  troops  weiv  not  examinetl  by  X-ray  in 
the  early  months  of  mobilization.  Subsetpiently.  roentgenograms  were  made 
of  the  chests  of  men  who  had  been  inducted  without  a  Him,  and  tliose  found 
to  have  siguiHcant  lesions  were  discharged.  Approximately  a  million  and  a 
half  persons,  eipii valent  to  a  (piarter  of  the  male  iiopulation  and  half  of  all 
persons  of  Army  age  were  examined  by  X-ray  in  the  induction  examina¬ 
tions.''  The  incidence  of  lesions  tliscovered  was  alxiut  1  percent:  a  third  of 
the  cases  discoveml,  about  5,000,  were  considered  clinically  signilicant  and 
reported  to  the  civ  il  authorities.  This  byproduct  of  the  war  was  of  notable 
value  to  the  general  program  of  tidterculosis  control  in  (’anada. 

A  feature  of  great  importance,  rendering  the  residts  of  exceptional  value 
for  understanding  the  hazards  of  tuIxTv'ulosis  in  military  service,  lay  in  the 
sharp  distinction  maintained  by  the  (’anadian  military  organization  between 
the  Army  in  (’anada  and  the  Army  ovei'seas.  In  both,  the  jvrevalence  was 
very  low  Ivy  civilian  standards,  as  would  l)e  expected  in  a  group  well  screened 
by  roentgenographic  examination.  The  <listinction  lay  in  the  fact  that  the 
Army  in  ('anada  was  subjected  to  a  hazard  of  exposure  no  greater  than  that 
in  the  civilian  population  of  the  provinces,  while  the  Army  overseas  was 
exposed  to  contagion  in  countries  in  all  of  which  the  death  rate,  and  pre¬ 
sumably  opportunity  for  contact  with  open  cases,  was  much  greater  than  in 
Canada.  For  the  years  19:19—44,  the  average  incidence  of  tuberculosis  dis¬ 
covered  in  troops  in  the  Army  in  Canada  was  24  per  100,000  per  annum, 
while  in  troops  overseas  it  was  40.  These  rates  were  estimated,  respectively, 
as  15  and  25  percent  of  the  rates  in  the  civilian  population  in  (’anada.  The 

70  iVrKonn:  coniiininloiition,  Air  roniiiKHloro  R.  R.  Trail  to  nutlmr. 

n  Adnmson.  .1.  I>..  simi  K*‘cvil,  R.  F.  :  TiiborruloHlo  In  tlio  Cnnndiiui  Army.  .1,  Cnn.nd.  >1.  Serv. 
1  :  404-411.  .Tilly  1044. 
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rates  in  each  jrroup  increased  with  lenji^h  of  service,  ranjjinj;,  however,  fi*oni 
9  per  100,(M)0  for  home  troops  and  .-io  for  o\ersea  troops  in  1941  to  40  and  00 
per  100,000,  resi)ectively,  in  1944, 

An  even  greater  diffeience  l)etween  troops  at  home  and  those  overseas 
was  evident  in  tlte  incidence  of  tubercnlons  pleurisy  with  effusion.  In  1941, 
the  rate  for  the  Army  in  Canada  was  30  per  100,000  and  tliat  for  the  Army 
ovei*seas  was  20.  In  marked  contrast,  the  rates  for  1944  were,  respectively, 
23  and  To  jjer  100,000. 

The  increase  in  the  tulwrculosis  rate  with  length  of  service  in  both  groups 
was  attributed,  in  part,  to  the  foreseeable  de\elopment  with  the  lapse  of  time. 
The  excessive  increase  overseas,  however,  was  explained  on  another  basis; 
namely,  the  excessive  exposure  to  tuberculosis  in  countries  with  a  much 
greater  prevalence  of  the  disease  than  Canada. 

The  figures  for  pleurisy  with  effusion  were  believed  particularly  signifi¬ 
cant  in  the  latter  resjiect.  Analysis  of  the  figures  according  to  the  native 
province  of  the  men  who  became  ill  showed  that  the  highest  percentage  of 
new  cases  developed  in  men  from  Ontario  and  the  western  provinces,  where 
the  incidence  of  infection,  as  already  known  from  civilian  surveys,  was  low. 
It  seemed  logical  to  l)elieve,  therefore,  that  the  high  rate  of  effusion  in  troops 
overseas  represented  the  acquisition  of  primary  exogenous  infection,  a  fre¬ 
quent  early  manifestation  of  which  is  pleurisy  with  effusion.  In  reaching 
this  conclusion,  the  Canadian  medical  officers  made  allowance  for  the  fact 
that  some  of  the  pleurisy  with  effusion,  diagnosed  as  tuberculous,  might  have 
been  due  to  acute,  transient  respiratory  infections.  It  was  in  fact  noted  that 
a  rise  in  wet  pleurisy  occurred  in  every  epidemic  of  acute  respiratory  disease. 
However,  after  due  allowance  was  made  for  the  discrepancy  between  home 
troops  and  those  overseas,  the  similar  trend  in  cases  of  pulmonary  infiltration 
and  pleurisy  with  effusion  lent  strong  weight  to  the  view  that  the  latter 
represented  exogenous  tuberculous  infection  overseas.  Adamson  and  his  co¬ 
workers  believed  the  phenomenon  “the  natural  epidemiological  results  of  a 
tuberculin-negative  group  coming  into  contact  with  a  tuberculous  environ¬ 
ment.’’ 

(\inadian  authorities  carried  the  lesson  into  practice  by  specifying  in  two 
directives  (14  Xovemlier  and  21  August  1944)  that  more  strict  attention  be 
given  to  a  history  of  pleural  pain  and  to  the  examination  of  soldiers  with 
known  contact  with  tuberculosis.'^- 

The  second  directive,  and  a  subsequent  note  appended  to  it,  indicated 
that  about  4.3  percent  of  all  medical  discharges  from  the  Army  had  been  for 
tuberculosis  and  that  approximately  2.9  percent  of  medical  repatriations  were 
for  this  disease,  of  which  1.9  |)ercent  (or  about  two-thirds)  were  for  pleurisy 
with  effusion. 


■*2  (1)  AGO  Dirpctivp.  14  Nov.  1944.  to  departiiienial  roinmandors.  (2)  DMS  Order  28fi.  21 
Auk.  1944. 
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These  fi«rures  for  the  ('anadian  Army  are  of  umisual  interest.  It  is 
unfortunate  for  the  study  of  epideiniolojry  tliat  in  statistics  for  the  I’.S. 
Army,  in  the  Zone  of  Interior  and  overseas,  a  comparable  easy  separation  of 
tr(K)ps  on  the  basis  of  origin  cannot  l)e  made.  Whereas  in  Chinada  a  larjre 
share  of  the  home  Army  was  from  the  eastern  provinces  and  remained  in 
C’anada,  in  the  I'nited  States  the  home  Army  was  constantly  a  transient  force 
in  training?  for  oversea  service,  and  the  Army  overseas  had  proportional  rep¬ 
resentation  from  all  parts  of  the  country.  Subse<pient  analysis  on  the  basis 
of  <reojrraphic  origin  may  be  possible.  In  the  meantime,  it  appears  signifi¬ 
cant  that  an  unusually  high  rate  of  pleurisy  with  effusion,  presume<l  to  be 
tul)erculous,  occurred  in  young  l".S.  Air  Force  troops  in  Italy  (pp. 


Part  \II.  Significance  of  Army  Experience  for  Control  of 

Tuberculosis 

For  many  years  prior  to  World  War  II,  tuberculosis  mortality  in  the 
Fnited  States  had  been  declining.  The  reduction  in  mortality  continued 
during  the  war.  but  at  a  somewhat  lowered  rate.  Among  the  reasons  for  the 
slowing  in  the  curve  of  decline  were  shortages  in  pei'sonnel  for  civilian  public 
health  and  hosj)ital  practice,  in<*reased  tempo  of  work,  with  corresponding 
general  strain,  and  absence  from  the  country  of  a  large  number  of  men  of  an 
age  periotl  with  a  low  general  death  rate,  who  were  removed  from  the  i)opu- 
lation  on  which  mortality  rates  were  calculated. 

Counterforces  were  in  effect,  however,  which  offset  these  factors.  Al¬ 
though  the  intensity  of  lalxir  was  increased,  wages  were  far  higher  than  be¬ 
fore  the  war,  and  although  i)rices  were  elevated  also,  the  general  result  was  a 
ri.se  in  the  standard  of  living  in  segments  of  the  population  in  which  mortality 
from  tuberculosis  is  usually  high. 

During  the  war,  also,  in  spite  of  personnel  shortages  for  public  health 
work,  a  notable  advance  in  machinery  for  tuberculosis  control  took  place  in 
the  establishment,  for  the  first  time,  of  a  Tuberculosis  Control  Division  in  the 
U.S.  Public  Health  Service.  This  was  organized  by  congressional  action  in 
the  Bureau  of  State  Services  of  the  U.S.  Public  Health  Service  in  July  1944. 
Funds  l>ecame  available  shortly  thereafter  to  supplement  measures  for  com¬ 
bating  tuberculosis  through  grauts-in-aid  to  States,  enabling  the  latter  to 
expand  their  programs  in  clinics,  case  finding,  and  hospitalization. 

The  examinations  at  induction  stations,  as  indicated  in  detail  elsewhere 
in  this  chapter,  brought  to  light  thousands  of  cases  of  previously  undiscovei-ed 
tuberculosis.  A  sub.stantial  number  of  these  were  placed  under  treatment  im¬ 
mediately.  In  addition  to  the  saving  and  prolongation  of  life  thus  effected, 
there  resulted  a  reduction  in  community  exposure  to  tul)erculosis,  with  pre¬ 
sumably  a  corresponding  decrease  in  development  of  new  cases.  The  accom¬ 
plishment  in  this  respect  was  far  from  maximum,  as  reporting  of  cases  was 
not  complete,  and  followup  programs  to  insure  hospitalization  of  open  cases 
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dist-overeO  were  not  well  develoj)e<l  in  many  parts  of  the  eountry.  In  larfre. 
communities,  with  well-orjjanized  public  health  pro<rrams.  followup  was  pcxxl, 
hut  in  other  regions  little  or  none  was  attempted.  Although  not  specifically 
mentioned  in  AK  (Army  Regulations)  40-1080,  dated  31  December  1934  and 
10  I)ec*ember  1943,  tuberculosis  was  consideml  a  communicable  di.sease  to 
which  the  re[)orting  re<piirement  applied.  Ilecause  of  a  recognized  laxity  in 
re|K)rting  cases  of  tvd)erculosis,  a  reminder  (specifically  mentioning  tuliercu- 
losis)  as  to  the  i“eporting  re<piirement  in  AR  40-1080  was  issued  on  24  July 
1944  in  AVar  Department  C'ircular  No.  313.  In  some  citie.s,  however,  by 
spec’ial  arrangements  l)etween  health  departments  and  induction  stations, 
direct  rejiort  was  made  immediately,  without  waiting  for  report  through  the 
normal  channels  of  tlie  State  sele<‘tive  service  organizations,  and  State  health 
dejiartments.  In  New  York  City,  for  example,  a  re])resentative  of  the  Hu- 
reau  of  Tuberculosis  of  the  Department  of  Health  visited  the  large  Xew 
York  (^ity  induction  station  every  night  and  received  direct  report  on  cases 
of  tnberculosis  discovered  during  the  day. 

The.  system  of  hospitalization  for  tul)ercnlosis  in  the  Army  and  the  nor¬ 
mal  discharge  of  patients  to  Veterans’  Administration  hospitals  for  further 
care,  resulted  in  the  treatment  of  thousands  of  cases  and  in  corresponding 
reduction  in  opimrtunity  to  spread  the  diseast*  to  others.  Army  hospitals 
and  Veterans'  hospitals  were  re<piired  by  their  respective  I'egulations  to  report 
cases  to  State  health  departments.  Special  check,  however,  indicated  that 
reporting  was  not  complete.  AVith  changes  in  personnel,  which  (WTurred  con¬ 
stantly  in  Army  hospitals,  re<piired  procedures  were  not  always  continuous. 
To  make  up  in  part  for  deficiencies  in  rejwrting,  the  Consultant  in  Tubercu¬ 
losis,  Office  of  the  Surgeon  General,  established  a  direct  i*elationship  in  1944 
with  the  newly  established  Tul)erculosis  (^ontrol  Division  of  the  I".S.  Public 
Health  Service,  so  that  all  discharges  for  tuberculosis  were  reported  In¬ 
states  of  origin  of  the  men  concerned.  The  Tuberculosis  Control  Division, 
in  turn,  forwarded  these  reports  to  individual  State  health  departments. 
AA^ith  all  the  imperfections  in  the  reporting  measures,  and  the  lack  of  suitable 
followup  programs  in  many  States,  and  in  spite  of  the  many  tuberculous 
veterans  who  refused  sanatorium  care  in  the  months  immediately  succeeding 
discharge,  steadily  increasing  control  from  the  point  of  view  of  public  health 
resulted,  which  .should  be  reflected  in  a  decline  of  tuberculosis  mortality  in 
the  future. 

In  evaluating  the  effect  of  the  Army's  control  program  on  the  general 
antituberctdosis  campaign,  the  educational  efforts  of  Medical  Corps  officers 
should  not  be  overlooked.  In  addition  to  direct  counsel  given  patients  with 
tnberculosis  or  suspected  tul)ercidosis,  they  were  provided  with  literatu»-e 
from  the  National  Tuberculosis  As.sociation  and  its  affiliates,  and  hospital 
patients  in  general  saw  nmtion  pictures  on  the  diagnosis,  care,  and  aftercare 
of  tulwrculosis.  Probably  a  still  greater  educational  effect  resulted  from  the 
vast  amount  of  roentgenographic  study  of  the  chest  done  in  the  Army.  X-ray 
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exiuiunatioii  at  induction  and  separation,  and  the  hu^e  number  of  client  exam¬ 
inations  by  X-ray  in  disjiensaries  and  hospitals,  made  millions  of  youn^  men 
and  women  aware  of  the  danjrer  of  tulierculosis  and  the  sj^ecial  measures 
available  to  combat  it. 

On  the  whole,  the  tulierculosis  control  progrram  of  the  Army  was  well 
integrated  with  the  public  health  program  of  the  country  and  may  be  ex¬ 
pected  to  be  of  continuing  favorable  influence  in  the  reduction  of  tuberculosis 
in  the  population  in  postwar  years. 


CHAPTER  XII 


Diagnosis  and  Treatment  of  the  Venereal 

Diseases 

Paul  Padgett  M.D. 

HISTORICAL  NOTE 

The  history  of  the  treatment  of  the  venereal  diseases  in  World  War  II 
may  well  bejyin  oi\  7  June  1940J  The  development  and  application  of  the 
methods  of  t  lent  used  in  the  U.S.  Army  prior  to  this  time  have  been 

admirably  1  and  summarized  by  Siler, ^  and  need  not  be  recapitulated. 

On  7  Juiu‘  i  :40,  a  meeting  of  the  National  Research  Council  was  held  in 
Washington,  D.C..  to  form  a  subcommittee*  on  venereal  disease  control. 
The  Subcommittee  on  Venereal  Diseases  by  its  terms  of  reference  was  charged 
with  making  general  recommendations  to  The  Surgeons  General  of  the  Army 
and  the  Navy  concerning  the  prevention  and  treatment  of  the  venereal  diseases 
and  with  acting  in  a  consultative  capacity  on  questions  in  its  special  field  that 
might  originate  from  the  armed  services. 

Following  this,  meetings  were  held  at  frequent  intervals  (six  between 
7  June  and  10  July  1940),  and  on  the  latter  date,  detailed  recommendations 
were  approved  concerning  the  diagnosis  and  treatment  of  each  of  the  com¬ 
monly  recognized  venereal  disease.s.  These  recommendations  were  submitted 
to  the  parent  committee  and  eventually  were  transmitted  to  the  respective 
surgeons  general  as  the  official  recommendations  of  the  National  Research 
Council.  They  were  subsequently  incorponited  in  Circular  Letter  No.  18, 
Office  of  the  Surgeon  General,  10  March  1941,  which  became  the  first  official 
statement  of  a  policy  for  the  treatment  of  these  infections  to  come  from  the 
Office  of  the  Surgeon  General  during  the  period  of  the  emergency  which  cul¬ 
minated  in  World  War  II.  Much  later.  Circular  I^etter  No.  195,  Office  of  the 
Surgeon  General,  1  December  1943,  ordered  that  the  treatment  of  all  patients 

>  The  author  is  Indebted  to  Dr.  Thomas  H.  Sternberg  and  Dr.  Ernest  B.  Howard  for  material 
on  care  and  treatment  which  has  been  lncorporate<I  in  this  chapter.  Acknowledgment  is  also  made 
of  the  invaluable  assistance  gained  from  the  use  of  the  private  files  of  Dr.  Joseph  Earle  Moore, 
formerly  Chairman,  Subcommittee  on  Venereal  Diseases,  National  Research  Council. 

The  final  editing  of  this  chapter  was  complete<l  after  the  death  of  Dr.  Padget. 

-  Siler,  J.  F. ;  The  Prevention  and  Control  of  Venereal  Diseases  in  the  Army  of  the  United 
States  of  America.  Army  M.  Bull.  No.  07,  May  194.3. 

3  The  subcommittee  was  composed  of  Dr.  Joseph  E.  Moore,  chairman,  and  Drs.  Edwin  I’.  Alyea, 
Walter  Clarke,  Oscar  F.  Cox,  John  F.  Mahoney,  and  John  H.  Stokes,  members.  With  the  exception 
of  Dr.  Al.vea.  who  withdrew  after  the  14th  meeting  on  11  March  1042,  the  members  served  through¬ 
out  the  wartime  period.  Dr.  Perrin  H.  Long  (later  Colonel.  MC,  USAR)  served  from  time  to  time 
ex  officio  in  bis  capacity  as  chairman  of  the  Committee  on  Chemotherapeutics  and  Other  Agents, 
National  Research  Council,  and  as  problems  dealt  with  grew  in  complexity,  other  specialists  were 
invited  to  join  the  subcommittee  either  temporarily  or  as  permanent  members. 
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liospitalized  for  venereal  disease  l)e  on  the  inedieal  service  or  under  the  direi'- 
tion  of  the  chief  of  the  medical  service  nidess  tliei-e  were  cofrent  l<K‘al  reasons 
to  the  contrary.  Distinction  was  thus  made  early  l)etween  the  prevention  and 
control  of  venereal  diseases  and  treatment  of  the  infected  soldier.  In  the 
field,  it  was  sometimes  the  practice  to  separate  these  functions  entii'ely  and, 
as  in  the  Kuroi)ean  Theater  of  ()|)ei~at ions,  I'.S.  Army,  to  have  control  and 
preventive  mea.sures  administered  by  the  Preventive  Medicine  Division,  Office 
of  the  ('hief  Surj»eon,  while  treatment  was  suj)ervised  hv  the  appropriate 
consultant  of  the  Professional  Services  Division,  Office  of  the  ('hief  SurjreoJi. 
In  the  Office  of  the  Surjieon  Oeueral,  both  preventive  and  therai)eutic  meas¬ 
ures  were  eventually  supervised  from  one  office  under  the  Preventive  Medi¬ 
cine  Service,  with  free  exchaufre  of  consultation  with  the  Professional  Service 
and  without  losinjr  si"ht  of  the  fact  that  the  individuals  in  char^ie  of  these 
activities  were  dealin^r  with  separate  problems. 

It  is  in  keepiuft  with  this  medical  philosophy  that  a  section  on  the  tm\t- 
ment  of  the  venereal  diseases  appeal's  here.  It  should  be  noted  that  althouj;h. 
to  a  larjre  extent,  the  venereal  diseases  may  l)e  "rouiied  for  preventive  meas¬ 
ures  and  althoujrh  the  two  most  important  (jronorrhea  and  syphilis)  at  the 
end  of  the  war  res|>onded  to  the  siime  antibiotic  (penicillin),  nevertheless  the 
several  venereal  diseases  are  wholly  separate  and  distinct  clinical  entities. 
For  purposes  of  diajrnosis  and  treatment,  they  will  be  consideml  individually. 

GONORRHEA 

At  the  beginninjr  of  World  War  II,  there  was  probably  no  prevalent  dis¬ 
ease  comparable  to  gonorrhea  in  the  wide  disparity  between  the  therapeutic 
recommendations  of  the  experts  and  the  care  usually  accorded  the  average 
patient.  Fortunately,  the  new  methods  of  treatment  were  so  simple  that  by 
the  end  of  the  war  the  management  of  gonorrhea  in  the  Army  followed  in 
large  measure  the  directives  prepaml  by  the  experts  and  issued  by  The 
Surgeon  General. 

Prior  to  the  publication  of  Circular  I.(etter  Xo.  18,  there  was  little  or  no 
uniformity  of  practice  in  the  diagnt^is  and  treatment  of  gonorrhea  by  med¬ 
ical  officers.  The  older  officera  of  the  Regular  Army  Medical  Corps,  who  had 
been  trained  in  the  disciplines  described  by  Siler,  had  in  general  advanced  to 
supervisory  or  administrative  positions;  the  medical  officera  who  were  ac¬ 
tually  treating  the  patients  were  young  physicians  from  civilian  practice. 
Each  of  these  groui)s  had  had  different  training  and  experience;  most  of  them 
had  little  or  no  special  knowledge  of  the  management  of  patients  with  gonor¬ 
rhea  and  few  knew  little  more  about  the  opinions  of  the  exi>erts  than  a  dim 
awareness  that  the  relatively  new  sulfonamide  drugs  were  useful  in  treatment. 

Circular  I./etter  Xo.  18  brought  a  semblance  of  order  out  of  the  chaos 
which  these  conditions  had  fostered.  The  Army  was  rapidly  expanding,  but 
with  unimportant  exceptions,  the  troops  were  stationed  in  training  camps 
within  the  continental  United  States.  These  camps  were  adequately  supplied 
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with  nuitoninent-tyiH‘  hospitals,  in  which  it  was  nsual  practice  to  havi 
venemil  disease  wards  to  which  an  atle<|iiate  nnndier  of  medical  officers  weix* 
jiermanently  assijrnetl.  All  patients  with  jrotH’iThea  weiv  hospitalized,  so 
that  they  came  under  the  care  of  a  relatively  small  {jrronp  of  medical  officers. 
Acconlinjrly.  the  information  contained  in  ('iretdar  I.a*tter  Xo.  IS  had  to  l»e 
dis.seminated  to  only  a  relatively  small  numiter  of  me<lical  officers,  many  of 
whom  had  had  no  previous  traininjr  itt  the  mana<rement  of  <ronorrhea,  hut  all 
of  whom,  actually  or  from  nei‘es.sity,  ha<l  a  speidal  interest  in  the  problem. 
This  iK)int  is  imimrtant  l)ecau.se  the  contrast injr  situation  will  l)e  brought  out 
later  in  the  dis<-ussion  of  the  treatment  of  {ronorrhea  on  a  duty  status. 

It  was  the  <*onsensus  of  oh.servers  during;  1J41  and  l!)4iJ  that  in  jrenenil  a 
determined  and  satisfactory  etfort  was  made  to  carry  o\u  the  provisions  of 
(’ircnlar  I^etter  Xo.  IS.  The  observed  tleviations  wei-e  most  fre<]uently  care¬ 
lessness  in  diagnostic  technique,  for  example,  preparation  and  examination  of 
smears  by  a  ivlatively  untraineil  technician  using  only  methylene  blue  for 
staining:  a  tendency  to  pivscril>e  larger  total  <loses  of  the  sulfonamides  than 
recommendetl,  either  by  giving  greater  individual  doses  or.  more  commonly, 
by  a  longer  coui'se  of  treatment:  and  the  early  ami  often  vigorous  use  of  local 
methmls  of  treatment,  esiH'cially  urethral  irrigjition.  prostatic  mas.sage,  and 
the  passage  of  sounds. 

The  provisions  of  ('ircular  I^etter  Xo.  IS  with  regard  to  the  diagnosis  and 
treatment  of  gonorrhea  are  of  more  than  pa.ssing  interest.  I'nder  the  heading 
entitled  “Diagnosis  in  the  Male.”  the  <*ircular  says  “a  diagnosis  of  gonorrhea 
must  not  lie  made  in  the  absence  of  lalmratory  conHrmation  *  *  *.*'  although 
it  does  provide  for  emergency  tivatment  withotit  diagnosis  in  case  laboratory' 
facilities  are  not  readily  available.  The  se<*tion  on  the  diagnosis  in  the  female 
is  much  less  definitely  phrased  and  contains  the  clear  implication  that  the 
history  of  exposure  to  a  known  -ase  of  gonorrhea  may  lie  utilized  as  pi'esump- 
tively  supiMirting  the  diagnosis. 

The  regimen  recommended  for  the  tmitment  of  actJte  gonorrhea  consisted 
of  ID  gill,  of  sulfathiazole  to  lie  given  in  10  days  (3  gm.  the  fii-st  day.  *2  gm. 
daily  thereafter)  in  cases  which  respimded  well:  if  the  clinical  resjionse  to 
sulfathiazole  was  not  satisfactory  by  the  fifth  day.  sulfapyridine  (3  gm.  the 
first  day,  2  gm.  daily  thereafter)  was  .^ub.stitiite<l.  If  this  e.xchange  proved 
lieneficial  bv  the  10th  dav.  this  drug  was  continued  until  a  total  of  la  davs 
of  chemotherapy  (’i  days  of  sulfathiazole.  10  ihiys  of  sulfapyridine)  had  lieen 
given.  If  the  clinical  response  to  this  I'egimen  was  not  good,  the  patient  was 
to  be  transferred  (jiresumably  to  a  general  hospital)  for  s|)ecial  cai'e. 

The  test  of  cure  advised  for  the  male  was  based  upon  the  examination 
of  gram-stained  smears  of  material  expressed  by  jirostatic  massage  done 
weekly  for  8  weeks.  The  use  of  culture  was  mentioneil,  but  not  emphasized. 
The  test  of  cure  advised  for  the  female  was  based  on  smear  from  the  urethra, 
cervix,  and  Skene's  and  Bartholin's  glands  every  2  weeks  for  3  months,  with 
cultiii'es  from  the  same  areas  monthly  on  the  last  day  of  the  menstrual  period. 
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The  reooniinendetl  followup  for  l)oth  sexes  included  one  serologic  test  for 
syphilis  done  3  to  4  months  after  the  original  infection  with  gonorrhea. 

AVith  the  deviations  noted,  these  prot*edui'es  were  followed  for  over  a 
year,  but  in  the  winter  of  lJ)41-42,  Dr.  P.  S.  Pelouze,  directly  representing 
The  Surgeon  General,  made  |)ersonal  visits  to  a  number  of  the  larger  Army 
oamp.s,  and  his  report  o<‘casione<l  The  Surgeon  General  to  write  to  the  chair¬ 
man  of  the  National  Research  Council,  in  part,  as  follows:  ‘*Dr.  P.  S.  Pelouze 
has  ju.st  presented  to  us  some  evidence  that  the  recommendations  of  the  Coun¬ 
cil  on  the  traatment  of  gonorrhea  may  need  revision  in  the  light  of  recent 
advances  in  this  field  *  *  *.*'  * 

According!}’,  a  revision  of  ('ircular  lA'tter  No.  18  was  considered  aiul 
approved  by  the  Sulrcommittee  on  Venereal  Diseases  in  March  1942,  and  this 
eventually  appeared  in  Circular  I^etter  No.  74,  Office,  of  the  Surgeon  General, 
2ii  July  1942.  The  important  changes  included  alteration  of  the  criteria  for 
diagnosis  of  gonorrhea  in  the  female  to  bring  them  into  line  with  those  previ¬ 
ously  defined  for  the  male;  the  recommemlation  of  sulfathiazole  or  sulfadia¬ 
zine  as  the  drug  of  choice  to  lie  administeml  in  a  dose  of  4  gm.  daily  for  5 
days,  this  course  to  l>e  repeated  no  more  than  once;  the  direi’tion  that  if 
sulfapyridine  must  he  used  it  Ik*  given  in  a  dose  of  only  3  gm.  daily  for  5 
days;  a  relaxation  of  the  test  of  lure;  a  marked  reduction  in  the  period  of 
followup  (3  weeks  Jidvised,  but  not  insisted  upon  ) ;  ami  finally  the  recommen¬ 
dation  *•*  *  *  that  carefully  selected  patients  with  sulfonamide-resistant  in¬ 
fections  l)e  given  ten  lioui’s  of  .sustained  fever  therapy  *  •  without,  how¬ 
ever,  directions  or  suggestions  as  to  how  the  selection  should  be  made.  This 
deficiency  was  partially  rectified  by  Circular  Ijetter  No.  86,  Office  of  the  Sur¬ 
geon  General,  18  August  1942.  which  designated  eight  named  general  hospitals 
as  fever  therapy  centers  and  implied  that  the  final  decision  as  to  whether  the 
patient  should  be  treated  with  fever  should  l^e  left  to  the  staff  of  the  hospital 
to  which  he  was  referred  for  this  treatment. 

These  eight  hospitals  soon  proved  to  Ik*  insufficient  to  care  for  the  mount¬ 
ing  load  of  patients  with  sulfonamide-resistant  gonorrhea.  The  average  rate 
of  cui’e  with  the  sulfonamides  was  falling  l)elow  75  jiercent,  owing  to  the 
de\elopment  of  sulfonamide-resistant  strains  of  the  gonococcus  and  to  the 
substantial  number  of  chronic  cashes  that  probably  represented  relapse  after 
inadequate  self-administered  treatment.  Every’  station  and  general  hospital 
had  a  mounting  backlog  of  patients  with  chronic  gonorrhea  for  whom  the 
only  prospect  of  cure  and  return  to  duty  at  that  time  lay  in  treatment  with 
fever.  Accordingly,  at  the  request  of  The  Surgeon  General,  a  conference  was 
held  on  6  April  1943.  under  the  auspices  of  the  Subcommittee  on  Venei’eal 
Diseases  on  the  use  of  combined  fever  and  chemotherapy  in  the  treatment  of 
sulfonamide-resistant  gonorrhea.  The  aim  of  the  conference  was  to  ]>repare 
a  draft  of  a  circular  letter  to  l)e  sent  out  by  the  Surgeon  General's  Office  to 

■*  Mlimtps,  Fourteenth  Meetinn.  Swhe«miiiitt»‘e  on  the  Venereal  lUsteases.  National  Research  Coun¬ 
cil.  11  Mar.  1042. 
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nppi'opriate  luilitnrv  hospitals.  The  draft  was  approved  hv  the  SulKommittee 
on  Venereal  Diseases  on  7  April  l'.>43,  forwarde<l  to  The  Sur^on  (ieneinl, 
and  puhlished  as  (’iirular  I.<etter  Xo.  5>7,  Ottiee  of  the  Snrpeon  (ieneral,  12 
May  11>43.  This  broadened  the  base  of  the  nuinlier  and  tyj)e  of  hospitals 
authorized  to  administer  fever  therapy  to  patients  with  sulfonamide-resistant 
jronorrhea  and  at  the  same  time  proteetetl  the  patient  by  detinin^  with  ^reat 
eare  the  eriteria  for  the  seleetion  of  patients  and  tletails  for  management  of 
therapy.  It  had  been  fouml  that  one  session  of  S  hours  at  appro.ximately 
l(»t)°  F.  (reotally)  would  aecompli.sh  cure  in  alnnit  JH)  j^reent  of  patients  with 
sulfonamide-resistant  jronorrhea,  that  half  of  the  faihires  would  achieve  a  sat¬ 
isfactory  ivsidt  from  a  secoml  similar  treatment,  but  that  fever  in  excess  of 
two  such  Imuts  appaivntly  was  valueles.s.  Xo  patient,  therefore,  was  to  he 
subjected  to  more  than  two  S-hour  sessions  of  induced  fever,  even  thou<;h 
manifestations  of  the  disease  |)ersisted. 

X’ot  lon«;  afterward,  ('ircular  letter  Xo.  129.  Office  of  the  Surjreon  (ien¬ 
eral,  22  July  1!)43,  amende<l  ('ircular  letter  Xo.  74  in  two  im))ortant  particu- 
lai"s.  It  iminted  out  that  prostatic  ma.s.sa<)re  should  not  l)e  done  as  a  test  of 
cure  of  acute  jronorrhea  and.  thereby,  serve<l  to  pi'event  a  substantial  numl)er 
of  relaj)ses  and  complications  (nrasioned  by  this  pnx'edure.  It  advised  that 
for  ])atients  with  jronorrhea  treate<l  in  hospital  the  dose  of  sulfathiazole  or 
sulfadiazine  shotdd  l)e  increa.sed  to  a  total  of  33  jrm.,  fjiven  as  an  initial  <lose 
of  4  }rm.  followed  by  1  j;m.  every  4  hours  ni^rht  and  day  of  5  days.  This,  it 
was  hoped,  would  somewhat  reduce  the  nund)er  of  sulfonamide  failures. 

Treatment  on  duty  status. — Prior  to  the  advent  of  chemotherapy,  it  had 
l»een  the  custom  in  the  Army  to  hospitalize  .soldiers  for  the  treatment  of 
jronorrhea,'’’  in  spite  of  the  fact  that  the  Aiust  majority  of  civilian  patients 
with  jronorrhea  were  treated  on  an  ambulatory  basis.  The  reasons  •riven  for 
this  are  well  known:  The  Army  in  peacetime  felt  it  impracticable  to  a.ssijrn 
a  lijrht-duty  statius.  the  philosophy  iHMnjr  that  the  soldier  either  was  able  for 
full  duty  or  l)elon<red  in  the  hospital.  Durinjr  World  War  I.  however,  work- 
iiifr  tpiarantine  was  extensively  employed  for  the  treatment  of  selected  ca.ses 
of  jronorrhea  (esj>ecially  the  chronic  and  i*ecalcitrant).  and  this  procedure 
was  later  authorized  by  i)ara«rraph  7.  AR  (Army  Repidations)  40-235,  11 
Octol)er  1930.  (^uotiii"  this  i-epulation  as  authority,  ('ircular  I^etter  Xo.  18, 
10  March  1941,  said  in  part:  “Kven  under  ambulatoiy  conditions,  acute  jron¬ 
orrhea  may  l)e  cured  by  aj)propriate  measures  in  a  larjre  proportion  of  cases. 
Therefore,  when  considered  desirable  and  local  conditions  permit,  acute  jronor¬ 
rhea  may  l)e  treated  on  an  ambulatory  basis  in  workinjr  quarantine."  Hf)w- 
ever,  very  little  use  was  made  of  workinjr  quarantine  or  ambulatory  treat¬ 
ment.  Accordinjrly.  Circular  I.ietter  X'o.  74,  25  July  1942,  dealt  realistically 
with  the  matter,  as  follows:  ‘‘In  the  Zone  of  Interior  and  in  the  communica¬ 
tions  zone,  venereal  disease  cases  will  ordinarily  be  hospitalized  for  treatment 
durinjr  the  infectious  stajres.  In  order  to  maintain  effective  strenjrth  of  orjran- 
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i/ations  during  conibat,  consideration  may  l»e  jifiven  to  the  treatment  of 
veneral  disease  cases  on  a  duty  status  witli  their  or^nini^'aition  in  tlie  comhat 
zone.” 

In  the  meantime,  however,  <lissatisHed  hotli  witli  tlie  larjje  nmnl)er  of 
hospital  i>eds  (K'cupieil  hy  patients  with  jrouorrliea  and  with  the  loss  of  time 
from  training;,  certain  {M)sts  in  the  Fourth  Service  Command  (Camp  Forrest, 
Tenn.,  was  apparently  the  first)  luul  undertaken  the  treatment  of  jronorrhea 
with  the  sulfonamide  compounds  on  a  duty  status.  The  methovl  seemed  to 
work  and,  if  it  could  lie  shown  to  l>e  thera|)eutically  efficient,  mi|;ht  be  used 
more  widely.  Accordinjrly.  in  Novemlier  11)42,  a  Iward  *  was  appointeil  to 
evaluate  the  experiences  which  had  so  far  lieen  gained.'^  The  Imard  meml)ei*s 
proceeded  from  the  Office  of  the  Surgeon  (ieneral  to  posts  within  the  Fourth 
Service  Command  where  gonorrhea  was  lieiii"  treatetl  on  a  duty  status.  Their 
I'ejjort  I’ecommended  (1)  that  the  policy  of  tmiting  uncomplicated  jronorrhea 
on  a  duty  status  lie  approved  and  that  the  adoption  of  such  a  jKilicy  wherever 
feasible  be  encouraged  and  (2)  that  because  this  method  may  not  be  equally 
practicable  under  all  conditions  its  adoption  not  lie  made  mandatory. 

The  recommendations  made  by  this  board  were  officially  authorized  in 
January  1943,'*  and  on  1  February  1943,  (hrcular  I..etter  Xo.  32,  Office  of  the 
Surgeon  General,  gave  in  detail  directions  for  the  management  of  jiatients 
with  acute  gonorrhea  while  ambulatory. 

Following  thi.s,  the  duty-status  treatment  of  acute  gonorrhea  was  under¬ 
taken  on  a  large  scale,  both  in  the  continental  Cnited  States  and  in  the  over¬ 
sea  theaters,  but  the  sidtonamides  wei’e  so  quickly  thereafter  replaced  by  |>eni- 
cillin  that  there  was  no  opportunity  to  gain  a  large-scale  evaluation  of  the 
^  usefulness  of  the  method.  Kven  a  <’omplete  study,  however,  would  have  l)een 

difficult  to  evaluate  unless  the  ambulatory  metluKl  weiv  a  marked  improve¬ 
ment  over  treatment  in  hospital.  This  is  because  of  the  dei'lining  j)ercentage 
of  cures  already  l>eing  observed  among  hospitalized  ])atients  and  the  gi-eat 
variation  in  the  interest,  training,  and  experience  of  the  large  number  of  unit 
medical  officers  who  suddenly  became  responsible  for  the  diagnosis  and  treat¬ 
ment  of  gonorrhea  and  for  the  evaluation  of  results. 

Penicillin. — The  verbal  report,  early  in  1943  (sul)sequently  published  in 
September  1943),  by  Mahoney  and  his  collaborators,”  on  the  use  of  |)enicillin 
in  the  treatment  of  sulfonamide-resistant  gonorrhea,  rapidly  removed  the 

6  The  board  was  comiJosed  of  Brij:.  Gen.  Heiir.v  Coburn.  .Ir.  :  Col.  (Inter  Brijr.  Gen.)  Hiifrli  J. 
Morgan,  MC ;  Lt.  Col.  (Inter  Col.)  Thomas  B.  Turner,  MC ;  Col.  Alvin  L.  Gorb.v.  M(’ :  and  Maj. 
(later  Lt.  Col.)  Robert  I».var.  MC. 

t  (1)  Letter,  Col.  .Tohn  A.  Rogers,  MC,  Flxecutlv.?  Oflleer,  Office  of  the  Surgeon  General,  to 
Commanding  General,  Headquarters,  Services  of  Siipely,  19  Xov.  1942,  subject  :  ApiKiintment  of 
Board  for  Investigation  of  the  Treatment  of  Venereal  Disease  on  a  Dut.v  Status.  )2i  Letter.  ,1.  F. 
Mctluire,  The  Adjutant  Generars  Office,  to  The  Siirgeo.i  General,  ;t0  Xov.  1942,  subject  :  Board  of 
Officers. 

War  Department  Memorandum  W40-2-4ri,  Treatment  of  Individuals  With  Cncomplicated 
Gonorrhea  on  Dut.v  Status.  19  .Ian.  1943. 

Mabone.v.  ,1.  F..  Ferguson,  C..  Bnchholtz.  M.,  and  Van  Sl.vke.  C.  .1.  :  The  Use  of  I’enicillin 
Sodium  in  the  Treatment  of  Sulfonamide-Resistant  Gonorrhea  in  Man.  Am.  .1.  S.vph..  Gonor.  & 
I'eii.  Dis.  27  :  .■»2."»-.">28,  September  1943. 
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practical  iinj)ortance  of  (letenniiiiujr  the  l)est  wsiy  of  treatinjr  witli  sulfona¬ 
mide.  It  apjmiivd  that  {jenicillin  in  almost  any  dosage  effected  cmv  in  a  high 
percentage  of  cases  and  in  almost  miraculous  fashion.  This  was  confirmed 
bv  Herrell  and  his  coworkers.'“ 

This  promise  of  a  solution  for  an  inci-easingly  harrassing  pit)hlein  of  tlie 
soldier  led,  in  May  1943.  to  a  clinical  investigation  in  15  Army  hospitals  of 
the  use  of  penicillin  in  the  tmitment  of  this  condition.  Within  a  i-elatively 
short  time,  I'esults  of  the  tmitment  with  i)enicillin  of  patients  with 

sulfonamide-resistant  gonorrhea  were  available.  The  details  of  this  study 
were  later  published  by  Sternlierg  and  Turner."  All  of  the  1,(>8(>  patients 
were  men;  their  ages  reflei'ted  the  usual  distribution  in  the  Army  at  the  time; 
they  had  had  on  the  average  58  gin.  of  a  sulfonamide  ending  at  least  5  days 
before  jienicillin  was  administered,  and  23(?  had  also  had  treatment  with 
fever.  The  patients  were  divided  into  groups,  each  group  treated  with  a 
diffei-ent  dose  of  penicillin.  With  a  dose  of  1(>0,0(X)  units  or  more,  98  iiercent 
of  the  patients  achieved  cure;  as  the  dose  was  mluced  below  KM), 000  units,  the 
cure  rate  fell  off  rapidly.  There  were  in  all  (regardless  of  dosage)  126  fail¬ 
ures.  Of  these,  85  wei-e  re-treated,  all  with  100,000  units  and  91.8  percent 
of  them  were  cured.  This  raised  the  overall  cui-e  rate  for  two  courses  of  tivat- 
ment  to  99  percent. 

These  dramatic  results  induced  The  Surgeon  Oeneral.  on  23  September 
1943,  to  addre.ss  a  letter  to  the  service  command  surgeons  authorizing  the  use 
of  penicillin  in  the  treatment  of  sulfonamide-resi.stant  gonorrhea.  The  dosage 
authorized  was  50,(M)(>  units  in  doses  of  10,(>00  units  at  3-hour  intervals,  with 
permission  to  re-treat  with  1(K),000  units  administered  in  10,(MM)-unit  doses 
hourly  in  case  of  failure  of  the  Hist  coui’se.  It  must  be  recalled  that  penicillin 
was  in  excessively  short  supply  at  the  time,  a  fact  that  seriously  influenced 
the  size  of  the  dose  i-econnnended.  As  the  supply  improved,  this  was  in¬ 
creased  to  10(),(K)0  units  given  in  20,000-unit  doses  by  TH  MED  (War  I)e- 
pailment  Technical  Bulletin)  9,  12  February  1944.  About  a  month  later, 
6  Mai'ch  1944,  TB  MED  16  authorized  the  use  of  i>enicillin  for  the  treatment 
of  .sulfonamide-resistant  gonorrhea  in  station  hospitals  and  directed  that  it 
should  be  administered  to  patients  with  gonorrhea  immediately  after  failure 
to  resjiond  to  one  course  of  a  sulfonamide. 

As  the  supply  of  penicillin  increased,  its  use  was  extended.  On  21  Sep- 
temlier  1944.  TB  MF^D  96  provided  for  complete  replacement  of  .sulfonamides 
by  penicillin  in  the  treatment  of  gonorrhea,  e.xcept  for  those  individuals  who 
failed  to  respond  to  {lenicillin.  This  bulletin  said  further  that  the  treatment 
of  uncomplicated  gonorrhea  with  penicillin  might  be  carried  out  as  a  hospital 
or  dispensary  procedure,  but  recommended  that  where  satisfactory  medical 
facilities  were  available  hospitalization  lie  avoided.  The  recommended  dose 

10  Herrcll.  W.  K..  Cook.  E.  X..  and  Tlioiiipson.  I..  :  I'so  of  ronicilliii  in  Siilfonamide  Rosistnnt 

Gonorrhoal  Infootioiis.  122;  2S0  2{‘2.  2»  May  11)4:1. 

11  Stornborff.  T.  H..  and  Tiirnor.  T.  B.  :  Tlu*  Tn-atiiioiit  of  Snlfonaniido  Resistant  Gonorrhea 
With  IVnicillin  Sodinin  ;  Ri'snits  of  l.tiSli  Cases.  J..\.M..\.  1215:  1.17-101.  1(5  Sept.  1944. 
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was  U)0,IKM)  units,  ^iven  in  20.0(K)-unit  injections  intruinusculafly  every  3 
Itoiirs  for  those  in  hospital,  or  live  injections  s})acecl  over  an  8-hour  period 
for  outpatients.  In  the  event  of  failure,  re-treutinent  with  the  ssiine  df)se  was 
su^jfjested,  and  if  the  failure  |)ersisted,  a  third  course  of  tivatment  with 
300,000  units  {jjiven  in  20,0<X)-unit  inje<*tions  at  3-hour  intervals  was  advised. 
In  the  event  of  failure  of  the.se  tln^ee  coui-ses  of  i^enicillin,  tuc  treatment  of 
choice  would  l)e  sulfathiazole  in  the  33-<;in.  do.se  i-econunended  by  ('ircular 
Ijetter  No.  129.  Finally,  TH  MKl)  196.  20  Au^rust  1945,  redefined  the  criteria 
for  diajjnosis  and  cure  and  increa.sed  the  initial  dose  of  i>enicillin  to  200, (XX) 
units  administeml  in  four  injections  of  50,0(K)  units  every  2  to  3  hours,  de- 
pendiiifr  on  whether  the  patient  was  hospitalized  or  l)einjr  treated  on  duty 
status.  Patients  failing  of  cure  after  the  first  course  wei-e  to  l)e  re  treated 
similarly  with  2(X),(X)0  units.  Those  patients  who  did  not  resjmnd  to  these 
two  courses  were  to  Ik?  hospitalized  for  more  complete  urolojrical  and  hac- 
teriolojrical  investipition  and,  if  gonococcal  infection  were  proved,  to  l)e 
{riven  at  least  5(K),(KX)  units  of  jtenicillin  in  r)0,()()0-unit  doses  every  2  or  3 
hours. 

It  was  at  first  feared  that,  with  the  widespread  use  of  |)enicillin  in  the 
treatment  of  {ronorrhea,  the  {ronococcus  mi{rht  develop  ijenicillin  resistance 
analo{rous  to  the  sulfonamide  resistance  already  encountered.  None  of  the 
Army  material,  however,  has  proved  any  evidence  to  that  effect,  either  clin¬ 
ically  or  in  vitro,  althoujrh  the  production  of  penicillin  resistance  in  vitro 
has  l)een  reported  by  Dr.  Joseph  E.  Moore.*-  As  further  exi)erience  was 
{rained,  it  Iwcame  clear  that  10  to  15  percent  of  patients  with  {ronorrhea  failed 
to  respond  to  100,000  units  of  penicillin  but  that  most,  if  not  all.  would  i-e- 
spond  to  re|ieated  courses  or  increased  doses.  Toward  the  close  of  World 
War  II,  several  cases  were  reported  in  which  penicillin  resistance  was  sus¬ 
pected  clinically,  but  it  was  not  determined  whether  these  failures  of  treat¬ 
ment  were  due  to  true  penicillin-resi.stant  strains,  to  insufficient,  deteriorated, 
or  substandard  penicillin,  or  to  failure  to  detect  the  true  etiologrical  a{rent, 
thereby  confusin{r  {ronorrhea  with  nonspecific  urethritis. 

And  so  the  end  of  the  war  saw  a  therapeutic  triumph.  Penicillin  in 
adequate  dosage  had  solved  the  problem  of  sulfonamide-resistant  gonorrhea, 
had  provided  a  substitute  for  dan{rerous,  troublesome,  and  unpleasant  fever 
therapy,  had  relieved  general  hospitals  of  rapidly  increasing  numl)ers  of 
patients  with  gonorrhea,  and  had  made  of  the  disease  a  relatively  minor  in¬ 
fection,  with  few  complications  and  with  a  small  noneffective  rate.  In  1937, 
complications  developed  in  about  one-fourth  of  all  ca.ses  of  gonorrhea  in  the 
I’.S.  Army;  in  1944,  complications  occurred  in  approximately  1  percent  of 
all  cases.**"* 

Penicillin  in  oil-beeswax. — One  remaining  difficulty  was  the  fact  that  the 
only  effective  method  for  the  administration  of  penicillin  then  known  was  by 

12  Moorp.  .loseph  Eiirlp  :  rpnicillln  In  S.vpbilis.  Sprlngfiold.  Ill.  :  Chnrlps  C  Thomas,  1940. 

11  Monthl.v  Projrrpsa  Reiiort.  Army  SpfvIpp  Forcps,  War  Ilpiiartiiipiit.  28  Feb.  1945,  Section  7 : 
Health. 
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injection,  preferably  intranmscular ;  yet  in  the  usual  a<jueous  or  saline  solu¬ 
tion,  j)enicillin  was  so  rapidly  absorbed  aiul  exci-eted  that  in  order  to  main¬ 
tain  therapeutically  etfective  blood  levels*^  it  had  to  l)e  given  no  less  fre¬ 
quently  than  every  o  hours.*“  A  number  of  investigators  had  approached 
this  subject — one  group  attempting  to  delay  excretion  by  blocking  the  kid¬ 
ney;'®  others,  to  delay  absorj)tion  by  local  vasoconstriction"  or  by  local 
application  of  ice  packs.'®  None  of  these  methods  was  particularly  success¬ 
ful.  The  first  satisfactory  method  for  delaying  the  absorption  of  [ienicil- 
lin  with  i-elative  uniformity  was  devised  by  Romansky  and  Rittman  at  the 
Walter  Reed  General  ifospital.  Army  Medical  Center,  Washington,  D.C. 
These  investigators  found  the  injection  of  a  suspension  of  300,000  units  of 
I)enicillin,  preferably  the  calcium  salt,  in  1  cc.  of  a  vehicle  consisting  of  j>ea- 
nut  oil  containing  4.8  percent  by  weight  of  beeswax,  was  followed  by  assay- 
able  blood  levels  of  penicillin  from  24  to  36  hours  after  injection  '®  and 
produced  excellent  thera[)eutic  results  in  patients  with  acute  gonorrhea.™ 
The  Surgeon  General  then  initiated  an  investigation  of  the  subject  to  be 
carried  out,  both  clinically  and  in  the  laboratory,  at  the  Regional  Hospital, 
Fort  Bragg,  N.C.  Partial  confirmation  of  the  I'esults  of  the  original  inves¬ 
tigators  was  achieved.  Over  90  percent  of  88  patients  with  acute  gonorrheal 
urethritis  were  cured  with  a  single  intramuscular  injection  of  300,000  units 
of  calcium  penicillin  suspended  in  the  oil-l)eeswax  vehicle.-'  The  substance 
was  not  entirely  without  its  objectionable  features,  however.  Uniform  blood 
levels  Avere  not  always  obtained,  and  after  appropriate  investigation  these 
later  investigators  concluded  that  the  blood  levels  produced  depended  on  both 


i-*  In  October  1948,  the  previously  accepteU  concept  that  assayable  levels  of  penicillin  concen¬ 
tration  in  the  blootl  must  be  maintained  in  order  to  gain  maximum  therapeutic  effect  was  being 
sharply  questioned.  .4t  the  time  of  the  development  of  FOB  (penicillin  in  oil-beeswax),  however, 
there  was  general  acceptance  of  the  concept  that  maintenance  of  a  relatively  uniform  concentra¬ 
tion  of  penicillin  in  the  blood  was  necessary  for  maximum  thera|>eutic  effect. 

15  Ramnielkamp,  C.  H.,  and  Bradley,  S.  K. :  Excretion  of  Penicillin  in  Man.  Proc.  Soc.  Exper. 
Biol.  &  Med.  53  ;  30-32,  May  1943. 

16  Beyer,  K.  H.,  Woodward,  R.,  Peters,  I,.,  Verwey,  W.  F.,  and  Mittis,  P.  A. :  Prolongation  of 
Penicillin  Retention  in  Body  by  Means  of  Para-Amlnohippuric  Acid.  Science  100 :  107-108,  4  Aug. 
1944. 

It  Parkins,  W.  M.,  Wiley,  M.,  Chandy,  J..  and  Zintel,  H.  A. :  Maintenance  of  the  Blood  Level 
of  Penicillin  After  Intramuscular  Injection.  Science  101  :  303-205,  23  Feb.  1945. 
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434,  10  Nov.  1944. 
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Oil  Mixture ;  Single  Injection  Treatment  of  Gonorrhea.  Bull.  U.S.  Army  M.  Dept.  No.  81 :  43-49, 
October  1944.  (2)  Romansky,  M.  J.,  Murphy,  R.  and  Rittman.  G.  B. :  Single  Injection  Treat¬ 
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the  concentration  of  penicillin  in  the  vehicle  and  the  total  amount  adminis¬ 
tered.  They  also  found  the  mixture  so  viscid  as  to  reciuire  incubation  at 
37°  C.  to  go  through  a  17-gage  needle  and  so  immiscible  with  water  that  the 
slightest  amount  of  moisture  in  the  syringe  would  produce  a  completely  un¬ 
manageable  gummy,  sticky  mass.  As  the  war  ended,  it  seemed  that  the  prep¬ 
aration  represented  a  large  step  forward  but  that  several  improvements,  even 
perhaps  an  entire  alteration  of  its  composition,  would  be  necessary  before  it 
would  be  suitable  for  widespread  adoption. 

NONSPECIFIC  URETHRITIS 

Although  not  officially  classified  as  one  of  the  venereal  diseases,  non¬ 
specific  urethritis^  bears  consideration  here  because  of  its  close  association 
with  gonococcal  urethritis,  both  because  of  its  etiology  and  because  of  the 
diagnostic  confusion  which  it  so  often  produced.  The  condition  was  common, 
amounting  in  various  experiences  from  10  to  40  percent  of  all  cases  of  ure¬ 
thritis,  but  unfortunately  it  was  never  subjected  to  cai'eful  study.  The  diag¬ 
nosis  was  made  entirely  by  the  exclu'jion  of  gonorrhea,  and  treatment  usually 
began  wdth  the  method  that  currently  was  being  employed  in  the  manage 
ment  of  gonorrhea.  This  was  commonly  unsuccessful,  in  which  case  the 
patient  was  referred  to  the  urologist  and  subsequently  treated  by  various 
manipulative  procedures  at  the  physician's  direction.  These  were  also  fre¬ 
quently  unsuccessful,  and  eventually  the  process  was  allowed  to  run  its  natu¬ 
ral  course,  which  tended  to  be  one  of  great  chronicity.  There  probably  was 
no  disease  of  comparable  numerical  importance  during  World  War  II  that 
w^as  so  completely  neglected  both  as  to  definition  of  etiology  and  as  to  devel¬ 
opment  of  satisfactory  methods  of  treatment. 

SYPHILIS 

Before  and  during  the  early  stages  of  mobilization,  that  is,  prior  to  the 
publication  of  Circular  Ijetter  No.  18,  10  March  1941,  the  diagnosis  and  treat¬ 
ment  of  early  syphilis  in  the  Army  essentially  followed  the  recommendations 
of  the  Cooperative  Clinical  Studies  Group  ^3  as  elaborated  in  the  standard 
textbooks.^^  Neoarsphenamine  w^as  the  arsenical  drug  most  commonly  em¬ 
ployed;  many  bismuth  compounds  were  used,  although  a  suspension  of  the 
subsalicylate  in  oil  was  perhaps  the  most  frequently  employed;  and  rest  pe¬ 
riods  by  either  design  or  accident  tended  to  be  more  common  than  the  experts 
would  advise.  On  the  whole,  however,  standards  of  practice  compared  favor- 

22  There  is  no  useful  source  material  on  nonspecific  urethritis  In  the  ofiSclal  records.  The  mate- 
rltil  on  which  this  section  Is  based  was  assembled  by  Col.  Paul  Padget,  MC,  from  conversations  with 
many  medical  officers  from  1942  to  1945  and  recorded  in  his  personal  diary. 

23  Cooperative  Clinical  Studies  In  the  Treatment  of  Syphilis ;  Early  Syphilis.  Ven.  Dls.  Inform. 
13 :  207-231,  20  June  1932 ;  253-293,  20  July  1932. 

24(1)  Moore,  Joseph  Earle;  The  Modern  Treatment  of  Syphilis.  Springfield,  Ill.:  Charles  C. 
Thomas,  1933.  (2)  Stokes,  John  H. :  Modem  Clinical  Syphllology.  2d  edition.  Philadelphia : 

W.  B.  Saunders  Co.,  1934. 
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ably  with  those  of  tlie  u\erage  health  department  clinic  at  the  time.  As  in 
health  department  clinics,  however,  there  was  much  less  uniformity  of  prac¬ 
tice  in  the  management  of  the  various  forms  of  late  syphilis,  and  from  a 
review  of  old  I’ecords,  one  has  the  impi*ession  that  many  medical  officers  treat¬ 
ing  patients  with  late  syphilis  were  actually  treating  the  positive  blood  test 
rather  than  the  patient.  For  this,  of  course,  the  medical  officers  concerned 
should  not  be  blamed  since  it  was  then,  and  unfortunately  still  is,  likewise 
common  in  civilian  practice. 

In  supplying  the  material  upon  which  Circular  Letter  No.  18  was  based 
(p.  409),  the  Subcommittee  on  Venereal  Diseases  made  no  recommendations 
concerning  the  management  of  syphilis  which  were  peculiar  to  the  Army. 
Instead,  this  material  represented  simply  a  summary  of  accepted  good  prac¬ 
tices  in  the  diagnosis  and  treatment  of  syphilis  which  were  then  curi’ent  in 
best  civilian  practice.  In  this  circular  letter,  accuracy  of  diagnosis  was 
emphasized;  necessity  for  clocklike  regularity  of  treatment  was  reiterated; 
Mapharsen  (oxophenarsine  hydrochloride),  at  that  time  the  only  commer¬ 
cially  available  arsenoxide,  was  recommended  as  the  arsenical  drug  of  choice; 
and  treatment  at  weekly  intervals  was  to  be  continued  for  15  to  18  months. 

The  18-month  system  of  treatment  was  impracticable  even  under  the  rel¬ 
atively  static  conditions  of  training.  In  view  of  the  extent  to  which  all  prac¬ 
tical  administrative  difficulties  would  be  magnified  in  an  oveisea  theater, 
particularly  after  combat  was  joined,  the  need  for  a  shorter  method  for  the 
treatment  of  syphilis  became  obvious.  Accordingly,  representatives  from  the 
Office  of  the  Surgeon  General  had  informal  meetings  with  members  of  the 
Subcommittee  on  Venei*eal  Diseases,  and  at  a  formal  meeting  on  27  May 
1942,  the  subcommittee  approved  recommendations  made  by  this  subgroup. 
These  were  published  in  Circular  Letter  No.  74,  25  July  1942. 

The  principles  of  accurate  diagnosis  and  the  criteria  for  cure  were  not 
significantly  changed  from  the  form  in  which  they  appeared  in  Circular  I^et- 
ter  No.  18,  but  the  treatment  scheme  was  compressed  into  40  doses  of  Maphar¬ 
sen  and  1C)  doses  of  bismuth  given  over  a  6-month  period.  By  this  system, 
Mapharsen  was  given  in  two  courses  of  20  injections,  each  twdce  weekly  for 
10  weeks  separated  by  6  weeks  of  therapy  with  bismuth,  the  additional  bis¬ 
muth  being  given  in  two  groups  of  five  weekly  doses  concurrently  with  the 
beginning  of  the  first  and  the  end  of  the  second  courses  of  Mapharsen. 

According  to  Sternberg  and  Ijeifer,^®  this  treatment  system  was  used  in 
the  management  of  approximately  200,000  soldiers  with  syphilis,  with  a  mor¬ 
tality  rate  ascribable  to  treatment  of  about  0.003  percent.  In  a  study  of  the 
short-term  results  in  3,000  soldiers  with  early  syphilis,  72  percent  of  whom 
had  been  observed  for  more  than  1  year  after  the  completion  of  the  26-week 
treatment,  they  say  “  *  *  *  the  results  appear  excellent  with  satisfactory 
progress  in  98.25  percent  of  seronegative  primary,  94.48  percent  of  seroposi- 

25  Stprnbprfr.  T.  H..  and  Leifer,  W. :  Treatment  of  Early  Syphilis  by  Twenty-six-Week  Maphar- 
sen-Bisniuth  Seh**d*»Ie.  Am.  -T.  Syph.,  Gonor.  &  Ven.  Dis.  31 :  124-134,  March  1947, 
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live  priinarv.  and  SO.-'U  percent  of  secondary  eases.  There  were  hut  18  (().(»4 
percent)  al)norinaI  ceivhrospinal  Huids  ainonj;  the  2,842  examined." 

Intensive  arsenotherapy. — As  tlie  war  proj;ressed,  this  treatment  sc-heme, 
later  sliown  to  therapeutically  effective  by  Sternberg  and  l^eifer,  l)ecame 
increasitigly  impractical.  Six  months  under  the  pressure  of  war  was,  com¬ 
paratively  speaking,  longer  and  more  intolerable  than  18  months  in  {)eace- 
time;  biweekly  injections  for  20  of  the  20  weeks  interfered  even  with  military 
training,  ^^aintenance  of  uninterrupted  medical  control  for  the  time  neces¬ 
sary  to  complete  treatment  became  increasingly  difficult.  Only  08  |)ercent  of 
the  trooj)s  Avith  syphilis  registers  who  came  to  the  European  theater  during 
March  1!)40  had  had  as  much  as  two-thirds  of  the  optimal  amount  of  ti*eat- 
ment  up  to  the  time  of  tlieir  embarkation.-®  None  had  lieen  treated  in  tran¬ 
sit,  Avhich  often  had  imposed  an  additional  lapse  of  many  weeks.  Conse¬ 
quently,  there  was  Avidespread  pimsuiv  to  j)ersnade  the  Army  to  adopt  one 
or  another  of  the  rapid  treatment  systems  Avhicli  Avere  in  use  or  could  be 
made  available.  The  a-day  intni venous  drip  method-^  Avas  particularly 
strongly  urged  because  this  scheme,  unlike  other  proposed  methods,  had  had 
considerable  clinical  use  just  prior  to  this  time.  The  Subcommittee  on  Vene¬ 
real  Diseases  revieAved  the  subject  in  detail  on  13  January  l'.)42  and  10  June 
1943,  and  it  Avas  taken  under  advisement  by  the  Committee  on  Medicine, 
National  Kesearch  Council,  10  October  1942.  This  committee  concluded: 

That  tile  intensive  nrsenotbernity  at  early  syphilis  (incluiliiiff  the  Hve-ihi.v  iiitra- 
venmis  drip  method)  lie  considered  as  still  in  the  experimental  stage;  that  the  optimum 
time-dose  relationship  still  requires  to  lie  established  by  further  animal  and  subsequent 
clinical  exiierimentation :  and  that  at  present  the  method  cannot  lie  recommended  for 
routine  use  l»y  the  Armed  Forces. 

The  need  for  a  rapid  treatment  method  was  so  great,  however,  espe¬ 
cially  in  oversea  theaters  (fig.  50),  that  at  its  19th  meeting,  10  June  1943, 
the  Subcommittee  on  Venereal  Diseases  boAved  to  the  continuing  pressure  of 
the  advocates  of  the  5-day  intraAenous  drip  technique  and  passed  a  series  of 
recommendations  which  had  lieen  made  at  a  conference  on  intensive  arseno¬ 
therapy  of  early  syphilis  held  on  19  May  1943.  These  recommendations  read 
in  part,  as  folloAvs; 

1.  Owing  to  the  relatively  liigh  mortality  rate,  no  system  of  intensive  arsenotherapy 
compressed  into  a  period  of  ‘J  weeks  or  less  is  as  yet  suitable  for  routine  adoption  by 
the  Armed  Forces. 

2.  For  the  routine  treatment  of  early  syphilis  in  the  Armed  Forces  the  26-week  sys¬ 
tem  now  in  use  in  the  U.S.  .\rmy  should  be  continued  pending  further  information  con¬ 
cerning  intensive  treatment  systems. 

It  is  iiopeil  that  the  I’.S.  Public  Health  Service  will  amplify  a  statistical  eA'alua- 
tion  of  the  several  methods  of  intensive  arsenotherapy  of  early  syphilis  ♦  *  *. 


26  Annual  Report,  Senior  Consultant  in  Dermatolofry,  Office  of  the  Chief  Surgeon.  European 
Theater  of  Operations,  U.S.  Arm.r.  194."?. 

2"  Leifer,  W.,  Chargin.  I...  and  Hyman,  H.  T. :  Massive  Dose  Arsenotherapy  of  Early  Syphilis 
By  Intravenous  Drip  Method;  Recapitulation  of  Data  (1933  to  1941).  .T..X.M.A.  117:  1154-1160, 

4  Oct.  1941. 
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FiouEB  56. — Poisoning  by  Mapliarsen  in  treatment  of  sypliilis.  Fixed  arsenical  ernp- 
lioii  oil  loll  side  oC  Cacc.  nock,  cliosi,  and  (Ilia'll  of  i;  niontli>'  diiralion.  I'alioni  was 
Iroalod  al  llio  "JiMli  <!onoi-al  llos|iiial,  < 'liina-I>nrnia-l ndia  ihojilor.  .Iiino  I'.tl.’!. 

4.  In  ovoi-.>ioa  areas,  wliotlior  advancoil  traiidn;i;  or  coinlial  /ones,  iwo  ;i llorn:il ive 
iiiotliods  of  intonsivo  arsonottioraii.v  of  early  sypldlis.  treatnieni  eoiniiressed  williin  a 
period  id’  'J  weeks  or  less,  may  be  utilized  provided:  (ai  'riial  iialieiils  be  treated  under 
bos|iitali/.e<l  conditions  rather  tb:in  on  an  ambulatory  basis,  and  (bi  that  treatment  b(‘ 
administered  under  the  direi'tion  of  specially  ipialilied  per-onnel. 

rite  Iwo  1  ftuil  itteiil  sysiotiis  i-eeoiiinieiiiled  for  miilv  .svphili-  weic  tlie 
o-diiy  ini  ra\ ciioits  dri|)  and  iH-dity  ninlli|>l(>  syrinofo  UM  lini(|tie.  Il  was  lur- 
llief  sit  wjycsi  cd  tlitil  I  lie  same  intensive  treatment  systems  mi”lil  Ik*  nlili/ed 
in  the  coni  im'iilal  I  inled  Sttiles  for  selected  personnel  imd(‘r  the  same  con¬ 
ditions.  An  tillermil  i\ e  lij-week  system  was  tidviseil  in  the  eviml  tlml  lios- 
pilidi/jition  w:ts  not,  pr.aci  icalile.  Detailed  descriptions  of  the  leclmiipies  of 
the  lhre«‘  systems  were  provided. 

In  the  Snrofeon  (Jeiieral's  ( )Hice.  il  was  decided  to  oive  this  .scheme  tin 
expei’imental  Iritil  in  one  larwe  hospital  Indore  recomniendino-  it  for  nctierttl 
use  in  the  Army,  even  in  oversmi  ihettlers.  .\ccordin;rly,  in  .Inly  I'.ih’)."  a 
r(‘search  projml  was  set  up  tit  Fort  lira^Tir  on  the  use  of  intensive  doses  of 
.Mapl  liirsiMi  hy  inl  r:i  venous  dri|>.-''  'I’he  experiment  was  lermimiled  in  ()clo- 

I.t.  15.  'I’lirntT.  VriimMl  rniitr«»l  r»r;iiir!i. 

for  Kirk.  .Inly  ItM.'i.  :  Sliort.  Iiit<*nsivr  ’rrr;niiM*rit  i*r  Syj»hilis. 

Kort  I5r;i;:ir  w.is  not  only  Imtmiisi*  of  its  sizr  hut  hrmiix*  t'npl.  il.ifrr  WilliniMl 

Fit'ift'r.  .M<\  Joint  .’Hitlior  of  tin*  oritriiinl  iii)«i  iitiiiioroiis  otlnr  tli>>  o  Wiiy  i  n  t  rn  \  <‘noiis  lirip 

w.'is  on  ilnty  tli»*rr. 
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her  when  the  superiority  of  |H*iii(*illin  heeanie  obvious.  No  new  infor¬ 

mation  was  obtained  from  study  of  the  patients  treated  up  to  that  time. 

In  the  meantime,  in  tlie  Office  of  tlie  ('liief  Surjreon,  Euro[>ean  theater 
(which  was,  l)ecause  of  the  disrupted  .state  of  communications,  virtually  i.so- 
lated  Ironi  knowIc<l»re  of  rurrent  developments  in  the  Surjreon  (leneral's 
Office),  it  had  l)een  decided  to  try  an  entirely  new  scheme  for  the  treatment 
of  sypliilis  with  Mapharsen.  It  was  undertaken  l)ecause  of  the  utter  im|H)s- 
sibility  of  even  approximately  re<;ular  treatment  under  the  existing  condi¬ 
tions.  ('onsideration  was  *riven  to  the  known  facts  re*j[ardin<r  the  toxicity  of 
Mapharsen  as  determined  by  tlu*  time-ilose  relationship.  Theoretical  con¬ 
siderations  and  ex[)erintental  work  with  rabbit  syphilis,  culled  from  the  most 
recent  source  material  available  on  massive  arsenotherapy.  indicated  that  the 
total  curative  dose  of  Mapharsen  for  early  .syphilis  in  the  human  should  l)e 
of  the  order  of  20  mj;.  per  kilogram  of  bo<ly  wei«rht.-^'*  Further,  it  appeared 
that  the  incidence  of  reactions  is  determined  almost  entirely  by  the  time- 
dose  relationship,  with  a  very  rapid  ii.se  in  rate  as  the  total  interval  for 
treatment  is  decreased,  becominjr  intolerable  if  the  treatment  interval  is  re¬ 
duced  significantly  below  T)  days,  but  not  decreasin"  with  particular  rapid¬ 
ity  as  the  s|)an  of  treatment  is  inci*eased  above  20  days. 

AVith  this  information,  and  in  consideration  of  the  practical  military 
problems  involved,  it  was  decided,  for  the  patient  with  early  syphilis,  to  jrive 
clinical  trial  to  the  followinjr  scheme  of  treatment:  One  mjr.  of  Mapharsen 
per  kilogram  of  body  weijrht  (but  not  to  exceed  a  single  dose  of  75  mjr.)  was 
to  lie  <riven  by  syrinj^e  dally  for  20  days.  The  choice  of  a  20-day  treatment 
scheme  was  not  only  convenient,  as  it  allowed  doses  of  1  mj?.  per  kilojrram 
per  day  to  total  20  mg;,  per  kilojrram  in  20  days,  but  was  also  determined  by 
sound  theoretical  consideration.^*  The  treatment  was  carried  on  in  hospital: 
the  patient  was  carefully  observed  both  clinically  and  by  laboratory  tests.  In 
addition  to  the  Mapharsen.  he  was  given  at  regular  intervals  8  doses  each  of 
0.2  gm.  of  bismuth  subsalicylate  suspended  in  oil;  that  is,  approximately  a 
dose  of  bi.smuth  every  other  day. 

Over  4,000  patients  were  treated  by  this  method  in  the  European  theater, 
w  ith  no  deaths.  Th.^  treatment  was  completed  in  96.3  percent  of  the  first  775 
patients  and  in  a  somewhat  higher  percentage  of  the  remainder.  In  one 
series  of  1,343  consecutive  cases  of  early  syphilis  treated  by  the  20-day  form 
of  intensive  arsenotherapy,  results  of  serological  tests  for  syphilis  Avere  re¬ 
ported  after  6  or  more  months  in  982.  In  258,  followup  reports  were  received 
moi-e  than  a  year  after  completion  of  therapy.  Ninety-five  percent  of  both 
groups  had  a  negative  serological  te.st  and  a  normal  cerebrospinal  fluid  at  the 
time  of  last  examination.  The  time  relations  of  the  observed  serological  re¬ 
lapses  were  such,  however,  that  approximately  twice  as  many  definitely  un- 

3®  Moore,  Joseph  Earle :  The  Modern  Treatment  of  Syphilis.  2d  edition.  Springfield,  lU : 
Charles  C  Thomas,  1943. 

31  See  footnote  26,  p.  420. 
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satisfactory  results  were  noted  at  the  end  of  12  months  as  at  the  end  of  6  months 
after  treatment. 

The  authors  Avho  reviewed  this  material  concluded  that  the  20-day 
scheme  for  intensive  arsenotherapy  will  yield  very  satisfactory  1-year  re¬ 
sults  in  the  treatment  of  early  syphilis  but  that  when  compared  to  penicillin 
or  penicillin  plus  chemotherapy  given  on  a  less  toxic  schedule  it  carries  an 
unjustifiable  risk.  This  is  illustrated®^  by  an  analysis  of  500  consecutiv’e 
patients  who  were  treated  by  this  method.  Four  hundred  and  seventy  six  of 
these  eventually  completed  the  treatment,  sometimes  with  delays  necessitated 
by  minor  reactions,  but  in  24,  or  4.8  percent,  the  procedure  had  to  be  aban¬ 
doned  because  of  severe  reactions.  Seven  of  these  patients  had  definite  signs 
of  cerebral  irritation,  and  two  more  presented  the  classical  picture  of  hem¬ 
orrhagic  encephalitis.  Jaundice  occurred  in  six,  toxemia  and  agranulocytosis 
in  three  each,  while  severe  fever  occurred  in  two  and  severe  albuminuria  in 
one. 

Penicillin. — In  June  of  1943,  Mahoney  and  his  collaborators  treated  four 
ssrilore  with  early  syphilis  with  penicillin  in  a  dose  of  1.2  million  units  whi<‘h 
they  had  calculated  as  being  the  theoretical  optimum®^  from  observations  on 
experimental  animals.  The  results  were  so  dramatic  that  the  experiment  was 
immediately  extended  within  the  limits  imposed  by  the  short  supply  of  peni¬ 
cillin  at  that  time. 

This  information  s])read  rapidly,  largely  by  word  of  mouth  (all  the  data 
concerning  penicillin  were  then  classified  information).  At  the  20th  meeting 
of  the  Subcommittee  for  Venereal  Diseases  on  29  September  1943,  “It  was 
agreed  that  the  clinical  and  experimental  evidence  so  far  available  justified 
an  extensive  trial  of  penicillin  in  human  beings  *  *  and  recommenda¬ 
tions  were  passed  for  the  formation  of  a  penicillin  panel,  under  the  National 
Kesearch  Council,  to  coordinate  experimental  and  clinical  trials  of  penicillin 
in  humans  with  syphilis  which  were  to  be  conducted  by  appropriate  facilities 
of  the  Army,  the  Navy,  the  I'.S.  Public  Health  Service  and  eight  ®®  partici¬ 
pating  civilian  clinics.  At  the  first  meeting  of  the  penicillin  panel  a  month 
later,  six  treatment  schedides  for  investigation  Avere  agreed  upon.  Five  of 
these  were  to  be  undertaken  immediately,  one  Avas  deferred  because  of  the 
shortage  of  penicillin,  and  the  Army  agreed  to  contribute  observations  upon 

•*■-  I’illsbur.v,  I*.  M..  and  I.nvt'iiinn,  A.  B. ;  Six-  to  Twolvp-AIonth  Follow-Up  Results  in  Early 
Syphilis  Treated  by  a  Twenty-Day  Intensive  .Vrsenobismuth  System.  Am.  J.  Sy|ih.,  Conor.  &  A’en. 
Dis.  31  :  115-123,  March  1947. 

Cormia,  F.  E.,  and  Blauner,  S.  G.  :  Reactions  to  Twent.v-Day  Intensive  Therapy  AA’ith  Maphar- 
sen  and  Bismuth  for  Syphilis  With  a  Xote  on  the  Use  of  BAL  in  Their  Management.  Am.  J.  Syph.. 
Conor.  &  A'en.  Dis.  31  ;  13.5-149,  March  1947. 

Mahoney,  ,1.  F.,  .Arnold,  R.  (’..  and  Harris.  A. :  I’enicillin  Treatment  of  Early  Syphilis : 
A  Preliminary  Report.  A'en.  Dis.  Inform.  24  :  3.55-357,  Dec.  1943  ;  also  Am.  J.  Pub.  Health  33  : 
1387-1391.  December  1943. 

35  The  number  was  gre.atl.v  increased  later,  so  that  at  one  time  there  were  nearly  40  clinics 
I)artlclpating. 
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120  patitMits  tmited  by  two  of  thosi‘  sfluHluU's  within  the  lii’st  .‘5  inontiis  of 
the  e.\|HM-iinent.‘*“ 

From  this  point  (Ootolier  1943),  the  development  of  the  list*  of  |MMiieiHin 
in  the  treatment  of  syphilis  was  essimtially  a  civilian  activity,  the  history  of 
wliich  has  U'en  summarized  in  detail  hy  Moore.  'Fhe  Army  continued  to 
participate  in  the  clinical  invest! •nations  on  a  small  scale,  hut  it  was  (piite 
pro|H‘rly  much  more  concerne<l  with  the  apjdication  of  this  new,  safe,  and 
simple  thera|MMili(*  method  on  a  mass  treatment  scale  than  in  attempting 
clinical  invest ijrative  work. 

On  a  Ajn'il  15>44,  Hrij;.  (Jen.  .lames S.  Simmons,  (’hief.  Preventive  Medicine 
Service.  OHu’e  (»f  the  .Snr<;eon  (Jeneral.  addressed  the  following;  letter  to  Dr. 
Moore.  ('Iiairman,  .SulK-ommitlee  on  \'enere!il  I)iseast‘s,  National  l\est*arch 
C'onncil : 

tt  is  <U‘sire(l  that  ttic  .Siiltcoiui»ltf«H‘  an  Venereal  l>is«*as«‘8,  National  Uesearcli  Coiin- 
cil,  consider  at  its  .Xprii  ‘JlOth  (1!M4|  nu'etint;  tlie  prewMit  state  of  knowied>:e  of  tin* 
IMMiiciilin  treatment  of  s.vpiiiiia  in  reiationsliip  to  its  snitaltility  for  application  to  Army 
pnictict*.  Tlie  present  proion;:**<i  t resit nient  scliednies  jdaii*  a  creal  chore  on  the  Medicsii 
nepartmeiit  and  interfert'  seriously  with  trainini;  and  coinhat.  Knrtherniore.  in  active 
Thesiters  of  Operation  it  is  iiiipossihh‘  to  maintain  any  desriH*  of  re;:nlarity  in  sidminis- 
terinj;  treatment. 

Kor  these  reasons  Tlie  Sur>:«*on  (Jeneral  would  apprwiate  an  expression  of  opinion 
of  the  SiihconimittiH*  on  Venereal  Itis«‘as*‘s  as  to  the  earliest  possible  time  ixMiicillin 
treatment  of  syphilis  may  he  applUsl  to  ,\rniy  practii-e. 

This  was  a  stajffrt'rinjr  re<pie.st.  Arsphenamine  ami  its  derivatives  had 
been  employed  in  the  treatment  of  syphilis  for  nearly  35  years  without  reach¬ 
ing;  satisfactory  aj;reement  on  the  details  of  its  utilization,  yet  lieiv  was  a 
request  for  advice  rej;ardinj;  the  larj;e-scale  application  of  an  entiivly  new 
therapeutic  atfent  which  had  first  been  used  in  the  treatment  of  syphilis  only 
9  months  liefore  and  with  which  experience  on  any  statistically  siwniticant 
scale,  was  only  (5  months  old.  Well  aware  of  the  ma^utude  of  the  respon¬ 
sibility  l)einf;  assumed,  hut  equally  aware  of  the  pnddems  confront iii};  the 
Army,  the  minutes  of  the  22d  meeting  of  the  Subcommittee  on  Venereal 
Disea.ses,  20  April  1944,  meivly  say: 

The  purpose  of  the  request  and  its  relntionship  to  cami>aiKn  conditions  was  further 
amplititHl  in  jfeneral  dis<'u.ssiori.  This  UhI  to  tin*  followin;:  rei’omniendation ;  It  is  rei'om- 
memldl  that  in  active  theaters  of  ois'ration  tin*  ]M‘nicillin  treatment  of  early  syphilis 
(i.e.,  infections  of  less  than  one  year's  duration.  wln*ther  or  not  partially  treateil  with 
ars(>nical  chemotherapy)  he  adopted  iiniiu'iliately.  The  minimuni  total  dosage  of  peni¬ 
cillin  should  lie  -.r»  million  units,  jiiven  over  an  eijrht-day  iH'riod,  adniinister«*«l  in  (>4 
intramnscular  inj«*<*tions  every  thrw  hours  day  and  nijrht.  It  is  further  desirahie  that 
such  iH'iiicillin  treated  patients  Ik*  follow«*<l  without  subsequent  antisyphilitic  treatment 
(unless  in  the  event  of  clinical  or  serologic  relap.se)  as  fr»>quentl.v  as  is  prai-ticahle  and 
that  all  .such  cases  he  thorouKlily  resurveyeil  as  to  .syphilis  prior  to  .s<*paration  from  the 
service. 

■lo  Minutes,  Confprenpp  un  IVnicillin  in  the  Trpntuipnt  nf  S.rpbilis  in  Hiiinun  Bpinjrs  by  a  I’anpl 
(’oni|Mi8P«i  «f  Memliprs  «f  tin*  Siibctimniittpp  <iii  Wiiprcal  IMsi-asps  anil  tin*  Coinmitlpp  on  Cbpinotbpra- 
IHMitlcM  ami  Otlipr  Acpiits.  National  Kcsparch  t'oiincil,  2tl  Oct.  1I)4.'I. 
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A  subsequent  letter  from  Tlie  Surgeon  General  to  the  commanding  gen¬ 
erals  of  the  oversea  theatere  for  the  attention  of  the  chief  surgeon  sum¬ 
marized  current  knowledge  of  the  use  of  penicillin  in  the  treatment  of  syph¬ 
ilis  and  dii-ected  (1)  that  all  new  cases  of  primary  and  secondary  syphilis 
be  ti-eated  with  penicillin,  (2)  that  the  sche<lule  of  ti-eatment  be  40,000  units 
intramuscularly  every  hours  for  a  total  of  00  doses  or  2.4  million  units  for 
each  case,  and  (.‘i)  that  followup  examinations  should  l)e  obtained  at  monthly 
intervals  for  a  minimum  period  of  1  year.” 

The  receipt  of  this  dii-ective  in  the  European  theater  coincided  almost 
exactly  with  the  date  of  the  invasion  of  continental  Europe.  It  was,  there¬ 
fore,  particularly  welcome  in  the  attempt  to  pi*ovide  facilities  for  proper 
diagnosis  and  treatment  of  the  venereal  diseases,  especially  syphilis,  within 
the  Army  areas.  Evacuation  and  the  loss  of  a  trained  soldier  to  his  organi¬ 
zation  was  to  be  avoided,  but  at  the  same  time  it  was  important  not  to  in¬ 
crease  the  patient  load  which  must  be  carried  by  field  or  evacuation  hospitals. 
Accordingly,  venereal  disease  treatment  centers  were  planned  within  the 
Army  areas  staffed  by  at  least  one  medical  officer  with  experience  and  ability 
in  the  diagnosis  and  treatment  of  the  venereal  diseases,  and  equipped  with 
adequate  laboratory  facilities  and  technicians  detached  from  the  Army  medi¬ 
cal  laboratory.  The  plan  proved  efficient  and  was  greatly  expedited  by  the 
availability  of  penicillin  for  the  treatment  of  syphilis.  This  made  is  possi¬ 
ble  to  return  all  patients  treated  for  syphilis  to  their  organizations  within 
10  days  or  less. 

The  necessary  followup  was  oi)erated  by  a  central  syphilis  register  set 
up  in  the  Office  of  the  Chief  Surgeon,  European  theater,  where  the  sol¬ 
diers  syphilis  register  was  filed  as  soon  as  treatment  was  completed.  The 
followup  was  accomplished  by  letters  to  the  commanding  officer  of  the  pa¬ 
tient's  organization  requesting  the  desired  observations  at  the  appropriate 
time. 

The  Sulwommittee  on  Venereal  Diseases  made  further  recommendations 
at  its  23d  meeting  on  29  June  1944  for  the  use  of  penicillin  in  the  treatment 
of  syphilis  by  the  Army.  The.se  provided  for  the  treatment  of  all  soldiers 
with  early  and  latent  syphilis  with  2.4  million  units  of  penicillin  according 
to  the  scheme  advised  to  the  oversea  theaters.  The  necessity  for  frequent 
followup  of  patients  who  were  treated  for  early  syphilis  was  emphasized, 
and  it  Avas  |x)inted  out  that  knoAvledge  concerning  the  action  of  penicillin  in 
neurosyphilis  was  so  imperfect  as  to  prevent  any  advice  on  its  use  in  such 
cases.  TB  ^lED  106,  11  October  1944,  developed  in  detail  the  general  prin¬ 
ciples  contained  in  the  committee’s  recommendations. 

As  the  war  ended,  TB  MED  198,  20  August  1945,  defined  the  criteria 
for  the  diagnosis  of  syphilis,  restated  the  advice  to  treat  early  and  latent 

”  I.ettpr.  Maj.  Gen.  Norman  T.  Kirk,  The  Surseon  General,  to  Commanding  Generals,  all  Thea¬ 
ters  of  Operations,  attention  of  Chief  Surgeon,  S4  May  1944,  subject :  Penicillin  Treatment  of 
Primary  and  Secondary  Syphilis. 
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sypliilis  witli  2.4  million  units  of  penkillin  in  7.5  days,  defined  the  details 
of  the  necessary  }M)st treatment  followup,  and  advised  that  all  patients  with 
any  manifestation  of  late  syphilis,  including,  of  course,  neurosyphilis,  be 
transferred  to  the  appropriate  neuro.syphilis  center.  Like  its  companion  TB 
MED  1!H)  on  jronorrhea,  »latcd  20  Au«rust  1045.  this  bulletin  on  the  manaj;e- 
ment  of  syphilis  represented  the  l»est  information  available  at  the  time  for 
the  pi*o|)er  manafrement  of  early  and  latent  syphilis  amonjj  Army  per-sonnel, 
but  events  which  could  not  la*  forest>en  at  the  time  of  its  preparation  nece.ssi- 
tated  important  chan«rt*s  in  the  dosajre  schedules  recommended. 

At  its  24th  nteetinfr  on  2o  February  1045,  the  Sul)committee  on  Venereal 
Disea.ses  reco«rni/,ed  that  there  were  several  fractions  of  the  sul>stan(*e  known 
as  penicillin,  that  mme  of  thest*  fractions  was  available  commercially,  and 
that  the  constitution  of  commercially  available  |>enicillin  was  not  known.  It 
made  rec<»mmendations  for  extemlinjr  the  assay  sni>ervision  of  commercial 
}>eni<‘illin  and  most  importantly  made  provision  for  invest i;;ation  of  the 
chemical  and  biolo«;ical  pnjperties  of  the  several  known  fractions.  By  the 
followinjr  sprinjr,  a  <rreat  deal  of  information  had  l)een  assembled  and  pub¬ 
lished  by  Moore,  (he  hi<rhli<rhts  of  which  were  (1)  that  the  substance  known 
as  penicillin  was  made  up  of  at  least  four  chemically  individual  fractions 
which  in  the  American  nomenclatui'e  were  known  as  G,  F.  X,  ami  K.  (2) 
that  oriftinally  the  commercially  supplied  penicillin  was  larjrely  made  up  of 
penicillin  G.  («‘l)  that  with  the  substitution  of  Penicillium  rhryxogen^im, 
Q-lTfi  for  PenirWhtvi  notatitm  in  the  manufacture  of  penicillin  the  commer¬ 
cially  available  preparations  contained  an  unknown,  certainly  larjre  (the 
averafre  was  estimated  at  about  50  percent)  amount  of  fraction  K,  and  (4) 
that  fraction  K  while  e.xceedinjrly  active  in  vitro  was  apparently  in  some 
way  denatured  by  the  animal  or  human  l)rh’y  to  l)ecome  comparatively  inert 
and  therapeutically  ineffective  when  injected.  As  the.se  facts  were  brouprht 
out,  the  manufacturers  of  j)enicillin  immediately  took  steps  to  convert  to  the 
pro<luction  of  a  crude  penicillin  con.sistin"  larj.^cly  of  fraction  G  and  even¬ 
tually  to  the  production  of  crystalline  i)enicdlin  G  on  a  commercial  scale. 
This  took  time,  however,  since  so  lar"e  and  complicated  an  industry’  cannot 
convert  itself  overnight.  For  the  protection  of  the  soldier  patient,  Change  1 
to  TB  MED  198  was  published  on  21  November  1946.  This  change  directed 
(1)  that  patients  with  seronegsitive  primary  syphilis  lie  given  6  million  units 
of  iienicillin  in  60  do.ses  of  1(X),000  units  each  at  3-hour  intervals  for  7M.> 
days,  (2)  that  those  with  seropositive  primary,  secondary,  and  latent  syphilis 
lie  given  S  million  units  in  80  consecutive  intramuscular  injections  of  100,000 
units  at  3-hour  intervals  lor  10  days,  and  (3)  that  the  re-treatment  of  failures 
lie  bv  the  8-million-unit  schedule  with  the  addition  of  10  doses  each  of  60  mg. 
of  Mapharsen  given  twice  weekly  and  five  weekly  intramuscular  injections 
each  of  0.2  gm.  of  bismuth  sulisal  icy  late  suspension  in  oil.  Failures  after 
this  combined  penicillin,  ^lajiharsen,  and  bismuth  schedule  were  to  be  treated 
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by  the  2(5-\veek  Maphafsen  ami  bif^imuh  system  outlined  in  Circular  letter 
No.  74,  2,’>  July  11)42. 

Comparison  Ivetween  ('iivular  Letter  No.  18.  10  Maix-h  1941.  .nd  TB 
MED  198,  20  Aujrust  194r».  affords  a  numlM^r  of  interesting;  contrast  .  To  the 
criteria  for  <lia{DU)sis  lias  been  addeil  the  concept  of  the  bioloj;ical  false-posi¬ 
tive  seroloj;i<-al  test  for  syphilis  which  was  Hi*st  introtluced  to  the  Army  in 
(^ircular  Letter  No.  9J,  Office  of  the  Sur<;eon  General,  30  April  1943;  metliotls 
of  treatment  are  totally  ditlerent,  but  the  most  interesting  change  is  in  the 
concept  of  proper  posttreatment  followup.  Under  the  scheme  of  treatment 
recommended  by  C'ircnlar  I.,etter  No.  18.  the  patient  who  came  under  treat¬ 
ment  witli  early  syphilis  and  pui-sued  the  treatment  faithfully  should  have 
reached  and  maintained  a  negative  serological  test  for  some  time  liefore  the 
treatment  was  ended.  With  rapid  treatment  with  penicillin,  this  is  not  the 
ca.se.  and  TB  MED  198  g<K‘s  to  some  pains  to  explain  the  interpretation  of 
the  titered  serological  test  in  the  ]>o.st treatment  followup. 

Neurosyphilis. — Prior  to  1944,  the  Army  had  made  no  special  provision 
for  the  care  of  patients  with  neurosyphilis  and  the  various  forms  of  late 
syphilis.  Patients  suffering  from  these  maladievS.  unless  bv  chance  thev  fell 
into  the  hands  of  someone  professionally  qualified  to  individualize  their  man¬ 
agement,  were  treated,  if  at  all,  by  whatever  scheme  was  in  vogue  at  the 
time  for  the  treatment  of  early  syphilis.  Mliile  cardiovascular  syphilis  and 
the  other  forms  of  late  syphilis,  other  than  of  the  central  neiwous  system, 
were  numerically  unimportant,  examination,  by  increasing  nund)ers  of  med¬ 
ical  officers,  of  the  cerebrospinal  fluid  of  every  patient  with  syphilis  was 
revealing  a  substatitial  number  with  asymptomatic  neurosyphilis.  As  this 
situation  la'came  recognize<l.  a  siiecial  committee  met  in  Washington  at  the 
reipiest  of  I  he  Surgeon  General  on  8  starch  1944  to  consider  the  problem 
of  the  i>rofessional  management  of  neurosyphilis  in  the  L".S.  Army.**  In  due 
time.  TB  MED  48.  31  May  1944.  was  published  creating  a  numl)er  of  neuro¬ 
syphilis  centers  in  named  getieral  hospitals  in  the  continental  United  States 
and  setting  forth  standards  for  diagnosis  and  treatment.  The  plan  was  to 
staff  each  of  the  hospitals  with  one  or  more  medical  officers  with  special 
training  in  the  management  of  neurosyphilis  and  other  forms  of  late  syphilis, 
and  although  these  hospitals  were  designated  as  neurosyphilis  centers  it  was 
tacitly  understood  at  the  time,  and  later  formally  .stated  in  TB  Mb^D  198. 
that  all  problem  cases  of  syphilis  would  l)e  referred  to  them. 

The  provisions  of  TB  MED  198  were  largely  administrative  but  the 
basic  principles  leading  to  uniformity  of  diagnosis  in  the  various  centers 

I'n'Kont  nt  the  nicotine  with  Ors.  Moor<-  and  Stokos  from  tho  Suboommitfee  on  Venereal 
Oisenses;  (lenernl  Morpnn.  Lt.  Col.  Thonina  H.  SternberB.  MC.  Mnj.  (Inter  Lt.  Col.)  Charles  R.  Rein, 
MC.  Maj.  (later  Lt.  Col.)  William  H.  Everta,  MC.  Major  D.var.  and  Maj.  (later  Lt.  Col.)  Paul  O. 
Reque.  MC.  from  the  I’.S.  ,\rni.v  :  Comdr.  W.  H.  Schwartz.  MC.  and  Lt.  H.  P.  Rowe,  MC.  from  the 
r.S.  Navy  ;  Drs.  l.ewi»  11.  Weed.  E.  Cowles  Andrus.  T.  R.  Forbes,  Philip  S.  Owen,  and  Maj.  Gen. 
James  C.  Magee.  USA  (Ret.),  from  the  National  Research  Council;  Maj.  Georges  Leclerc.  .\1C, 
and  Surge,. II  Lieut. -Comdr.  R.  G.  Struthers.  MC.  Canadian  Liaison  Officers ;  and  the  following  in¬ 
vited  conferees:  I»rs.  Harry  C.  Solomon.  Paul  0'I.s»ary.  Evan  W.  Thomas,  and  .\rtlnir  G.  Sehocli. 
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weiv  »U*liiuMl  iuul  ffeiuM’ul  m'omuiciuljil  ions  for  clsissiHcution  aiul  treatiiient 
wert‘  iiuuU*.  'I'hesi*  weiv  exteiuled  l»y  a  series  of  tlirtn?  articles **  wliicli  were 
[)ul)lislietl  in  the  /iuf/t  fin  of  fhr  /*>’.  Anut/  Mttfinil  I)<‘j)orfm«nf  when*  they 
st‘rve<l  as  authoritative  hut  unotlieiai  j;ui«U*s, 

Tin*  si)e»‘iHe  reeoinniendations  of  TH  MKI)  4S  for  treatment  were: 

1.  A  trial  of  routine  metal  eheniotherapy  on  a  duty  status  for  (»  months 
for  all  patients  with  early  syphilis  or  syphilis  of  unknown  duratitm  and 
(iroups  1  (minimal)  and  II  (interimsliate)  chaiifies  in  the  eerehrospinal 
fluid. 

2.  The  same  scheme  for  patients  with  late.  sy{>hilis  and  (Jroup  I  chanjres. 

The  immediate  induction  of  fever  (preferably  by  tertian  malaria  for 

whites  and  Northern  Nejrroes.  and  by  quartan  malaria  for  Southern  Nejjrot's) 
in  thost*  in  the  fii'st  two  jrroups  in  whom  0  months  of  metal  chemotherapy  had 
(M'casioned  no  improvement  in  the  cerebnwpinal  fluid,  and  in  all  patients  with 
(iroup  III  (maximal)  chanjjes  in  the  cerebrospinal  flirnl,  (host*  with  late 
asymptomati<‘  neurosyphilis  ami  (iroup  II  chanpfivs,  and  all  patients  with 
symptomatii*  neurosyphilis  except  those  with  acute  syphilitic  menin;;;itis  or 
predominantly  vasi'ular  lesions. 

(livat  stress  was  laid  tipon  the  neces.sity  f<n’  both  fmpicnt  and  Ion*;  con¬ 
tinued  followup  examinations  of  all  patients  treated  for  neurosyphilis,  and 
detailed  directions  for  ammiplishinj;  this  were  laid  down  regardless  of 
whether  the  man  stnyeil  in  (he  Army  or  was  .separated. 

On  \i\  Novemln'r  11)45,  ('han};e  to  TH  MKI)  48  advis(*d  that  all  patients 
with  neurosyphilis  should  lie  treated  with  |)enicillin.  The  recommended  <lose 
was  ;>.(»  million  units  jriven  in  120  injections  of  JlO.tKK)  tinits  each  in  the  usual 
manner. 

The  patients  who  (]ualined  for  a  trial  of  metal  «*hemotherapy  alone  under 
the  jirevious  ivjjimen  were  to  lie  returned  to  iluty  after  completion  of  the 
treatment  with  penicillin,  followed  with  clinical  examination  and  retCvSt  of 
the  cerebrospinal  fluid  at  If  ami  0  months  after  treatment,  and  returned  for 
revaluation  if  either  examination  pave  abnormal  msidts  (>  months  after  treat¬ 
ment  was  completed. 

The  same  proup  of  patients  as  previously  were  considereil  candidates  for 
fever  therapy,  and  the  suppestion  was  made  that  the  first  do.ses  of  (he  pi*e- 
.scrilied  .‘>.(5  million  units  of  penicillin  Ik*  piven  at  the  time  of  the  first  febrile 
paroxysm. 

Records. — The  old  practice  of  recordinp  treatment  of  .syphilis,  as  out¬ 
lined  in  Circulars  Nos.  2  and  .’1,  bl  Decemlier  15)10  and  51  June  1011,  respec¬ 
tively,  Office  of  the  Surpeon  Oeneral,  was  continued  in  more  or  less  its  orip- 

(l)  O’lA'nry,  I*.  A.,  Moore.  .7.  K..  Solomon.  II.  Stoken,  J.  U..  anti  TIiomuH,  K.  :  .Vn.vmpto- 
matlc  NeuroKyptiiHs.  Hull.  II. S.  .\rmy  M.  I)«*pt.  80:  4tt  .^1.  St*pt»*mb**r  1944.  (2)  Solomon,  II.  C., 

Moore,  J.  K.,  0'I.*«nry.  I’.  A.,  SlokeH,  .7.  II.,  ninl  TliomnH,  K. :  Syniptomatie  NeiiroHyphlllH  ;  A  Cllnlenl 
Survey.  Bull.  II. S.  Army  M.  l>’pt.  81  :  55  04,  Oelolmr  1944.  (.‘I)  Solomon,  71.  Moore,  J.  E.. 

O’Leary.  I*.  Slokea,  .7.  II.,  ami  Tliomax,  E.  W. :  Tile  Treatment  of  NeurosyplilllH.  Bull.  U.S. 
Army  M.  Ik'pt.  8‘2  :  00  70,  November  1944. 
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inul  form  until  after  World  War  I,  during  which  u  had  proved  to  be  unneces¬ 
sarily  laborious  and  to  serve  no  useful  puri)ose.  lly  this  time  numerous  indi¬ 
vidual  medical  officers  had  created  their  own  record  systems  and  their  ideas 
were  consolidated,  eventually  to  produce  WD  MD  Form  78,  The  Syphilis 
Register.  This  was  authorized  by  War  Department  General  Orders  Xo.  6, 
13  February  1923,  and  incorporated  in  AR  40-235  on  30  December  1924. 

This  form  with  relatively  minor  changes  (the  last  was  necessitated  by 
the  introduction  of  penicillin)  has  been  employed  since  its  first  introduction. 
The  form  is  opened  at  the  time  of  the  original  diagnosis  of  syphilis,  contains 
all  of  the  relevant  information  concerning  both  the  infection  and  the  general 
physical  condition  of  the  patient,  provi<les  space  for  recording  treatment, 
reactions,  the  results  of  laboratory  tests,  an<l  progress  notes  and  is  closed  at 
the  completion  of  treatment  and  a  specified  period  of  observation.  T^pon 
completion,  the  record  was  transmitted  to  the  Venereal  Disease  Control  Divi¬ 
sion,  Preventive  Medicine  Service,  Office  of  the  Surgeon  General,  where  it  was 
reviewed  and,  if  found  acceptable,  filed  for  future  record.^® 

During  the  period  in  which  the  treatment  for  syphilis  was  prolonged, 
this  record  facilitated  continuity  of  treatment  of  the  patient  which  might  all 
be  carried  out  in  the  sjime  place  or  by  the  same  medical  officers.  During  the 
first  part  of  World  War  II,  however,  Iwcause  of  the  rapid  and  secret  troop 
movements,  it  frequently  became  impossible  for  the  syphilis  register  to  keep 
up  with  the  patient.  Several  different  methods  of  accomplishing  this  were 
explored,  including  a  brief  trial  of  having  the  syphilis  register  transmitted 
with  the  service  record  of  the  soldier  concerned,  but  none  proved  to  be  en¬ 
tirely  satisfactory. 

In  an  effort  to  obviate  this  difficulty,  there  was  inaugurated  at  Fort 
Bragg,  in  1941,^^  an  individual  record  of  treatment  patterned  after  the  simi¬ 
lar  form  supplied  to  seamen  under  the  auspices  of  the  then  functioning 
Health  Organization  of  the  Ijeague  of  Nations.  This  served  to  give  the 
patient  a  pocket  record  of  treatment  which  provided  adequate  information 
for  any  medical  officer  into  whose  hands  he  might  fall.  The  proper  func¬ 
tioning  of  this  accessory  form,  of  course,  depended  on  the  willingness  of  the 
patient  to  report  for  treatment  before  his  syphilis  register  caught  up  with 
him,  but  experience  showed  that  on  the  average  the  form  substantially  re¬ 
duced  the  number  and  duration  of  lapses  from  treatment.  Similar  forms 
were  introduced  in  the  European  theater  in  1942  and  in  the  Mediterranean 
Theater  of  Operations,  U.S.  Army,  in  1943.  Still  another  but  again  similar 
form  (WD  MD  Form  78a)  which  had  been  authorized  by  The  Surgeon  Gen¬ 
eral  in  October  1943  was  made  available  by  TB  MED  3,  11  January  1944, 

‘to  By  an  agreement  between  The  Surgeona  General  of  the  Army  anil  the  Public  Health  Service 
and  the  Chief  Medical  Officer  of  the  Veterans’  Administration,  the  syphilis  registers  from  World 
War  II  were  filed  with  the  Veterans’  Administration  to  arrange  for  men  In  certain  categories,  espe¬ 
cially  those  treated  for  neurosyphilis,  to  be  followed  through  the  Public  Health  Service. 

There  were  also  other  exceptions  to  this  standard  proeedure;  for  example,  the  Central  Syphilis 
Registry  used  in  the  European  theater. 

■*1  .4nnual  Report,  Office  of  the  Surgeon,  Fort  Bragg.  N.C.,  1941. 
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After  the  intruiluotioii  of  nipul  (i*eatiuent  niethods,  all  done  under  the  eon- 
tinning  control  of  one  small  group,  a  form  of  this  type  was  no  longer  re- 
({uired  for  assisting  in  continuity  of  treatment,  but  it  may  continue  to  serve 
a  useful  purpose  in  facilitating  posttreatment  followup. 

THE  MINOR  VENEREAL  DISEASES 

Aside  from  chancroid,  which  In'came  troublesome  in  certain  aresis,  the 
lesser  venereal  diseast*s  ( lymphograntdoma  venereum  and  gi'anuloma  ingui¬ 
nale)  were  of  little  numerical  importance  during  World  War  II.  Although 
these  three  tyiies  of  venereal  diseases  were  less  common  than  gonorrhea  or 
syphili.s,  the  jieritMl  of  disability  often  pnxluced  by  each  of  them  was  poten¬ 
tially  great  enough  to  vest  them  with  a  certain  degree  of  military  importance. 
The  earlier  deliberations  of  the  Sul»committee  on  Venemil  Diseases  which  had 
led  to  the  suggestions  upon  which  (’ircular  Ijetters  Nos.  18  and  74  were 
based,  included  considerations  of  the  lesser  venereal  diseases,  and  these  cir¬ 
culars  laid  down  methods  of  diagnosis  and  treatment  of  these  conditions. 
Later,  TR  MED  157,  dated  April  1945,  with  Change  1,  dated  17  Decemlier 
1946,  brought  up  to  date  the  accepted  practices  in  the  diagnosis  and  treat¬ 
ment  of  the  minor  venereal  diseases.^ 

Chancroid. — l^p  to  the  end  of  World  War  II,  the  diagnosis  of  chancroid 
was  one  of  e.xclusion  and  therefore  essentially  unsatisfactory.  Circular  liet- 
ters  Nos.  18  and  74  and  TB  MED  157  emphasized  the  necessity  of  e.xcluding 
syphilis,  both  by  dark-field  e.xaniination  and  by  serological  followup,  ami 
that  this  must  be  done  even  if  the  diagnosis  of  chancroid  can  1k»  proved  bac- 
teriologically  in  order  to  exclude  a  niixe<l  infection.  At  the  time  of  the  first 
tlirective,  the  bacteriology  of  Ilemophihta  (hiereyi  was  so  unsatisfactory  that 
Circular  Ijetter  No.  18  reads,  as  follows:  “Laboratory  tests  for  the  absolute 
diagnosis  of  chancroid  ( Ito-Reenstierna  skin  test  or  the  staining  or  cultural 
isolation  of  the  Ducrey  bacilhis)  are  not  recomended."  In  TB  MED  157, 
considerable  advance  in  the  bacteriology  of  the  causative  organism  is  illu¬ 
strated  in  the  following  statement;  “The  diagnosis  of  chancroid  may  l)e 
aided  by  the  laboratory  examination  of  stained  smears  from  the  lesion,  or 
by  culture  of  pus  from  the  lesion  or  the  bubo.”  This  reflects  a  growing  inter¬ 
est  in  the  bjicteriology  of  chancroid  ami  the  fact  that  the  experts  have  devel¬ 
oped  methods  for  more  accurately  staining  and  for  culturing  the  Ducrey 
bacillus  which  are  satisfactory  in  their  hands.  The  complete  omission  of  the 


TB  MKD  157  was  bnutMl  on  the  recomnioiMlntionH  of  a  n|M'oiiil  oommlttoo  which  convened  on 
25  .Tnnnary  1945  at  the  request  of  The  Siirp'on  Oenenil.  Present  at  the  nieetinn  were  Dr.  Moore, 
Subcomniltt*‘e  on  Venereal  Diseases;  I,t.  Col.  (later  Col.)  Harrison  .1.  Shull,  MC.  Colonel  SternberK, 
and  Major  Rein,  representatives  of  The  Surgeon  General  ;  Dr.  Paul  D.  Rosahn,  Technical  Aide  to 
the  Committ<'<>  on  Medical  Research,  Otllce  of  Scientitlc  Research  anil  D<‘velopment :  and  the  follow¬ 
ing  conferees:  Dr.  .\rthur  W.  Grace,  Long  Island  College  of  Meilicine,  Rrookl.vii,  N.Y. ;  Dr,  Geoffrey 
W.  Rake,  Squibb  Institute  for  Medical  Research,  New  Brunswick,  N..I. :  Dr.  Katherine  H.  Anderson, 
Vanderbilt  Pniverslty  School  of  Medicine,  Nashville,  Tenn.  :  Dr.  Franco  Mortarn.  New  York  Uni¬ 
versity  College  of  Medicine,  New  York.  N.Y. ;  and  Dr.  Robert  B.  Greenblatt,  U.S.  Public  Health 
Service. 
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Ito-Reenstierna  or  other  similar  skin  test  from  this  latest  directive  is  appar¬ 
ently  a  reflection  of  the  growing  doubt  of  the  value  of  skin  tests  of  this  type 
in  general. 

In  contrast  to  the  unsatisfactory  state  surrounding  the  diagnosis  of  chan¬ 
croid,  treatment  with  the  sulfonamide  drugs  was  eminently  satisfactory.  Cir¬ 
cular  Letter  No.  18  recommended  sulfanilamide  in  the  dose  of  33  gm.  given 
over  a  period  of  14  days  and  local  treatment  with  powdered  sulfanilamide 
after  primary  syphilis  had  been  excluded  by  a  series  of  at  least  three  dark- 
field  examinations  of  material  from  the  lesions.  Surgical  procedures,  such  as 
circumcision  or  dorsal  slit,  “*  *  *  should  be  resorted  to  only  on  the  basis  of 
sound  clinical  judgment.”  Incision  of  the  fluctuant  bubo  was  allowed  but 
not  advised. 

The  changes  between  the  recommendations  just  cited  and  those  con¬ 
tained  in  TB  MED  157  are  worth  comment.  The  more  recent  recommenda¬ 
tions  were  to  treat  systemically  wdth  sulfadiazine  in  a  dose  of  1  gm.,  four 
times  daily,  for  5  to  7  days ;  no  local  treatment  except  soap  and  water ;  aspira¬ 
tion  of  the  fluctuant  bubo  with  a  16-gage  needle  if  necessary  but,  “the  bubo 
should  never  be  incised,”  and  regarding  other  surgical  procedures  “circum¬ 
cision  or  dorsal  slit  is  undesirable  and  is  rarely  necessary.” 

As  indicated  earlier,  chancroid  became  exceedingly  prevalent  and  con¬ 
sequently  troublesome  in  certain  areas.  This  was  especially  true  in  the 
Philippines,^®  at  the  end  of  the  war,  and  earlier  in  North  Africa**  and  the 
China-Burma-India  theater.*®  Recommendation  by  special  investigators  of 
the  problem  in  the  Philippines,  however,  dealt  largely  with  control  and  pre¬ 
ventive  measures.  In  no  theaters  in  which  chancroid  was  troublesome  was 
there  advance  in  therapy  greater  than  that  reported  in  TB  MED  157. 

Lymphogranuloma  venereum. — Fortunately,  this  disease  was  of  low  inci¬ 
dence  both  in  the  continental  United  States  and  in  the  theaters  of  operations. 
In  the  latter,  the  disease  occurred  almost  entirely  in  small  sporadic  outbreaks 
clearly  suggesting  a  single  focus  of  infection.  The  same  three  directives  (p. 
430)  deal  with  diagnosis  and  treatment. 

Between  the  first  and  the  last,  there  was  essentially  no  change  in  the 
diagnostic  criteria  laid  down.  TB  MED  157  explains  that  the  diagnosis 
is  based  upon  collateral  consideration  of  the  results  of  the  Frei  test,  the  clin¬ 
ical  picture,  epidemiological  information,  and  the  exclusion  of  other  causes 
of  inguinal  adenopathy.  It  is  emphasized  that  a  positive  Frei  test  is  not  in 
itself  adequate  reason  for  making  the  diagnosis  of  lymphogranuloma  vener- 

43  Letter,  Dr.  Joseph  Earle  Moore,  Consultant  to  The  Surgeon  General,  U.S.  Army,  and  Lt.  Col. 
Thomas  H.  Sternberg,  MC,  Director,  Venereal  Disease  Control  Division,  Office  of  the  Surgeon  Gen¬ 
eral.  U.S.  Army,  to  The  Adjutant  General,  U.S.  Army,  6  June  1945,  subject :  Venereal  Disease  In 
the  U.S.  Army  in  the  Philippine  Islands,  and  Recommendations  for  Their  Control. 

44  Annual  Report,  Preventive  Medicine  Division,  Office  of  the  Surgeon,  North  African  Theater 
of  Operations,  1943. 

45  Letter,  Ist  Lt.  M.  A.  Bouton,  MC,  VD  Control  Officer,  Office  of  the  Theater  Surgeon,  Rear 
Echelon,  Headquarters,  U.S.  Army  Forces,  China,  Burma,  and  India,  to  Commanding  General,  Rear 
Echelon,  Headquarters,  U.S.  Army  Forces,  China,  Burma,  and  India,  8  Apr.  1943,  subject :  Venereal 
Disease  Situation  in  the  C.B.I.  Theater. 
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eum  in  the  absence  of  tlie  typicA  cliiiical  picture,  but  it  is  sug’gested  that  a 
negative  Frei  test  in  the  presein a  of  a  suggestive  clinical  picture  is  of  some 
value  in  excluding  the  diagnos*  . 

In  the  treatment  of  lymphogranuloma  venereum,  conservatism  is  advised. 
TB  MED  157  recommends  aspiration  of  fluctuant  nodes  where  necessary  but 
avoidance  of  radical  surgical  procedures;  chemotherapy  with  sulfadiazine  in 
doses  of  3  gm.  daily  for  21  days;  and  the  utmost  conservatism  in  management 
of  rectal  stricture  when  it  occurs.  Perirectal  abscess  and  fistulo-in-ano  may 
be  dealt  with  radically  in  the  hope  of  gaining  surgical  cure.  The  use  of  Frei 
antigen  intravenously,  which  was  previously  touched  upon  lightly  in  Circular 
Letter  Xo.  18,  was  not  even  mentioned. 

Granuloma  inguinale. — This  disease  was  completely  unimportant  from 
the  military  standpoint  but  was  included  in  the  various  directives  (p.  430) 
for  the  sake  of  completenes**,  TB  MED  157  suggests  that  the  diagnosis  of 
the  condition  can  be  made  bx*  a  competent  observer  on  the  basis  of  morphologj^ 
alone  but  points  out  the  obvious  desirabilitj*  of  demonstrating  Donovan’s 
bodies  in  smears  from  the  lesions. 

Fuadin  (stibophen)  was  recommended  as  the  drug  of  choice.  This  is 
given  intramuscularly  by  a  rather  complicated  dosage  schedule,  is  commonly 
well  tolerated,  and  is  therapeutically  effective  in  the  majority  of  instances. 
Wliere  there  was  no  response  to  Fuadin,  tartar  emetic  was  recommended. 
This  is  given  intravenously  also  on  a  rather  complicated  dosage  schedule.  It 
was  further  recommended  that  if  secondary  infection  was  present,  penicillin 
be  used  in  doses  of  10,000  units  intramuscularly  every  3  hours  for  a  total  of 
400.000  units.  With  the  exception  of  this  addition  of  penicillin  for  secondary 
infection,  there  were  no  other  advances  in  the  treatment  of  this  condition 
during  World  War  II. 

Miscellaneous. — The  more  strictly  urologic  conditions  wiiich  are  some¬ 
times  grouped  with  the  venereal  diseases  (venereal  warts,  gangrenous  balan¬ 
itis,  and  so  on)  need  not  be  considered  here,  but  the  role  of  scabies  as  a 
venereal  disease  must  be  mentioned. 

In  the  early  winter  of  1942,  the  Senior  Consultant  in  Dermatology, 
Office  of  the  Chief  Surgeon,  European  theater,  had  noted  that  the  incidence 
of  scabies  severe  enough  to  require  hospitalization  in  the  European  theater 
was  greatly  in  excess  of  the  frequency  of  the  disease  among  troops  in  the 
United  States.  A  determined  campaign  was  instituted  to  educate  unit  medical 
officers  in  the  early  diagnosis  and  proper  treatment  of  the  disease  and  to  pro¬ 
vide  them  with  benzyl  benzoate  for  its  treatment. 

The  incidence  of  the  disease  continued  to  increase  and  the  following 
simple  facts  led  to  an  inference  that  the  disease  was  venereal  in  origin. 
Troops  arriving  from  the  Zone  of  Interior  were  free  from  the  disease;  the 
disease  was  exceedingly  common  among  the  British,  especially  the  civilians; 
and  the  pattern  of  distribution  of  the  individual  cases  made  soldier-to-soldier 
spread  most  unlikely.  From  this  obvious  inference,  a  comprehensive  study 
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of  tlie  matter  was  initiated  based  on  tlie  same  type  of  interview  by  the  sivme 
interviewers  used  in  the  contact  investigation  of  gonorrhea  and  syphilis,  and 
the  study  resulted  in  the  conclusion  that  at  least  90  percent  of  scabies  amoi' 
IJ.S.  soldiers  in  the  European  theater  was  venereal  in  origin.'*®  This  thesis, 
incidentally,  was  amply  verified  in  the  experiences  of  our  troops  in  Germany 
after  V-E  Day.  There  the  incidence  of  scabies  made  a  meteoric  rise,  exactly 
2>aralleling  the  increase  in  the  incidence  of  the  venereal  diseases."*’ 

INDUCTION  OF  INDIVIDUALS  WITH  VENEREAL  DISEASE 

In  the  early  period  of  mobilization,  persons  known  to  have  venereal 
disease  were  rejected  for  military  service.  This  policy  resulted  in  the  accu¬ 
mulation  of  a  large  backlog  consisting  mainly  of  men  rejected  because  they 
had  syphilis.  It  was  the  practice,  at  the  time,  to  defer  men  with  gonorrhea 
and  chancroid  only  until  they  became  asymptomatic  and  then  to  refer  them 
for  induction.  By  1942,  this  reservoir  of  manpower  had  grown  to  tremen¬ 
dous  proportions,  the  manpower  shortage  was  becoming  acute,  and  the  Army 
felt  that  its  medical  facilities  and  training  program  were  sufficiently  advanced 
to  undertake  the  additional  burden  of  inducting  men  with  syphilis.  In  the 
fall  of  that  year,  plans  were  initiated  to  provide  in  certain  selected  posts, 
camps,  and  stations  additional  treatment  facilities  with  a  total  capacity  of 
6,510  beds  for  the  management  of  inductees  with  syphilis  and  to  a  much 
lesser  extent  the  other  venereal  diseases.  The  plan  was  placed  in  operatioi} 
in  December  1942  by  directives  from  The  Adjutant  General  ‘‘®  and  was  func¬ 
tioning  smoothly  by  March  1943. 

The  inductees  with  syphilis  were  hospitalized  in  specially  provided  bar- 
rack-type  hospitals  which  were  staffed  by  officers  especially  trained  in  the 
diagnosis  and  treatment  of  the  venereal  diseases.  Some  of  these  medical 
officers  had  been  recruited  from  civilian  life  but  most  had  been  given  a  short 
intensive  course  at  the  Institute  for  the  Control  of  Syphilis  at  the  University 
of  Pennsylvania,  Philadelphia,  Pa.,  under  the  auspices  of  the  U.S.  Army. 

As  a  result  of  this  program,  200,000  individuals  with  venereal  disease 
were  inducted  into  the  Army  through  December  1945.  Of  these,  nearly 
170,000  were  syphilitics.^®  The  treatment  which  they  received  followed  the 
current  directives  for  the  management  of  the  venereal  diseases  occurring  after 
induction  and  require  no  special  comment. 

One  administrative  problem  was  greatly  expedited  by  a  directive,  in 
June  1943,®®  authorizing  preinduction  hospitalization  for  the  examination  of 
the  cerebrospinal  fluid  of  all  those  found  to  have  a  positive  serological  test  for 

46  See  footnotes  26,  p.  420. 

47  Quarterly  Report,  Preventive  Medicine  Division,  Office  of  the  Chief  Surgeon,  U.S.  Forces  in 
the  European  Theater,  1  Apr.  to  30  June  1946. 

48  Radiograms,  The  Adjutant  General,  to  all  Service  Commands,  7  and  10  Dec.  1942. 

49  Karpinos,  B.  D. :  Venereal  Disease  Among  Inductees.  Bull.  U.S.  Army  M.  Dept.  8 :  806-820, 
October  1948. 

50  I..etter,  The  Adjutant  General,  to  all  Service  Commands,  9  June  1943,  subject:  Induction  of 
Individuals  With  Positive  Serology  for  Syphilis. 
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syphilis.  This  made  possible  the  preinduct  ion  rejection  of  registrants  with 
neurosyphilis,  thereby  avoiding  the  laborious  process  of  boarding  for  a  cer¬ 
tificate  of  disability  for  discharge  of  the  15  to  20  percent  of  the  men  with 
syphilis  who  would  be  found  to  have  an  abnormal  cerebrospinal  fluid  at  the 
first  examination. 

THE  RESULTS 

The  extremely  energetic  venereal  disease  control  program  which  was 
sponsored  by  the  Army  throughout  the  war  was  effective  in  minimizing  the 
number  of  venereal  infections.  In  spite  of  these  preventive  activities,  how¬ 
ever,  gonorrhea  and  syphilis  continued  to  be  among  the  important  disease 

Chakt  22. — A  comparison  of  computed  and  actual  rates »  reflecting  savings  attributed  to 
improved  treatment  of  venereal  disease,  Armg  in  the  I'nitcd  States,  June  1942  to 

A'ugust  1945 

[Rate  expressed  as  average  daily  iionefTectiveuess  per  1,000  average  streugth] 
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1  Rates  pertain  to  ail  cases  of  venereal  disease,  including  those  cases  existing  prior  to  service. 
For  the  computed  rate  it  is  assumed  that  the  length  of  treatment  required  in  June  1942  had  not 
changed. 

problems.®^  The  yeoman's  task  of  reducing  to  the  minimum  the  number  of 
days  lost  from  duty  because  of  these  infections  remained  for  the  therapist  who 
may  well  be  proud  of  the  accomplishment  which  he  can  report. 

The  reduction  in  the  noneffective  rate  and  changes  in  therapy,  incidence, 
and  duration  of  treatment  of  venereal  disease  in  the  U.S.  Army  in  the  con- 

51  Medical  Department,  United  States  Army.  Preventive  Medicine  in  World  War  II.  Volume  V. 
Communicahle  Diseases  Transmitted  Through  Contact  or  By  Unknown  Means.  Washington :  U.S. 
Government  Printing  Office.  1960. 
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CuAKT  23. — Changes  in  therapy,  incidence,  and  duration  of  treatment  of  venereal  disease. 
Army  in  the  United  States,  June  1942  to  August  1945 

[Incidenc«  rate  expressed  as  number  of  cases  per  annum  per  1,000  average  strength.  Duration  of 
treatment  in  average  number  of  days  lost  per  case] 

■  NCIOENCE  RATE  OATS  UOST 


I94E  1943  1944  1949 


1  Existing  prior  to  service. 

tinental  United  States  are  shown  in  charts  22  and  23.  If  the  length  of  treat¬ 
ment  required  in  June  1942  had  been  maintained  without  change,  the  venereal 
disease  noneffective  rate  for  the  continental  United  States  would  have  been 
2.0  per  1,000  per  day  in  December  1944  and  2.5  per  1,000  per  day  by  August 
1945.  As  it  was,  in  spite  of  the  mounting  venereal  disease  rate  which  sky¬ 
rocketed  after  V-E  Day,  in  December  1944  the  noneffective  rate  was  less  than 
1  j[>er  1,000  per  day  and  was  only  0.66  per  1,000  per  day  in  August  1945. 


CHAPTER  XIII 


Fort  Bragg  Fever 

Worth  B.  Daniels,  M.D. 

Tlie  i-ecognition  of  Fort  Bragg  fever  as  a  specific  new  disease  entity  and 
the  ultimate  proof  of  its  etiology  is  a  contribution  of  the  IJ.S.  Army  Medical 
Department  to  the  science  of  medicine.  The  disease  was  described  by  Army 
clinicians,  studied  by  Army  medical  personnel  with  the  assistance  of  Army- 
consigned  consultants,  transmitted  to  animals  by  an  Army  research  worker, 
and  finally  proved  as  to  etiology  by  an  Army  veterinarian  and  others  work¬ 
ing  at  the  Medical  Department  Professional  Service  Schools,  Army  Medical 
Center,  Washington,  D.C. 

The  story  of  Fort  Bragg  fever  indicates,  too,  the  superior  opportunities 
which  were  available  to  military  medical  personnel  for  clinical  research. 
Larger  groups  of  patients  with  the  same  disease  are  more  often  available  for 
study  in  military  installations  than  in  civilian  institutions.  It  is  doubtful 
whether  this  disease  would  have  been  recognized  as  an  entity  had  the  out¬ 
break  occurred  in  an  urban  civilian  community;  there,  each  patient  might 
have  been  cared  for  by  a  different  physician  and  treated  in  a  different  hos¬ 
pital,  whereas,  on  an  Army  post  all  were  concentrated  in  one  hospital  under 
the  care  of  a  closely  knit  medical  service. 

RECOGNITION  OF  A  NEW  DISEASE 

Late  in  July  and  early  in  August  1942,  an  unusual  febrile  illness  occurred 
in  a  group  of  soldiers  at  Fort  Bragg,  N.C.^  It  shortly  became  apparent  not 
only  that  these  men  had  identical  symptoms  but  also  that  they  all  came  from 
a  few  organizations  quartered  near  one  another  in  a  limited  area  of  the  reser¬ 
vation.  Between  29  July  and  11  September,  40  patients  with  this  illness 
were  admitted  to  the  hospital.  The  hi.story  was  one  of  relatively  sudden  onset 
characterized  by  malaise,  mild  general  aching,  lumbar  pain,  severe  frontal 
headaches,  and  postorbital  pain.  On  the  first  or  second  day  of  symptoms, 
mild  respiratory  manifestations  consisting  of  coryza,  sore  throat,  pain  and 
soreness  in  the  chest,  and  cough  occurred  in  30  percent  of  the  patients.  The 
respiratory  symptoms  were  not  persistent  and  were  never  suggestive  of  pri¬ 
mary  respiratory  involvement  such  as  is  seen  ’n  influenza.  In  about  one- 
fourth  of  the  cases,  nausea  and  vomiting  occurred,  rarely  accompanied  by 
abdominal  pain.  Shaking  chills  or  chilliness  and  fever  developed.  The 
fever  was  consistently  spiking  and  frequently  showed  two  or  more  peaks  each 

1  DaniviK,  W.  B..  and  Grennan,  H.  A. :  rretiblal  Fever ;  An  Obscure  Disease.  J.A.M.A.  122 : 
361-305,  5  June  194.3. 
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day.  Recurrent  chills  often  accompanied  the  elevations.  During;  the  periods 
of  tein|)erature  evelation,  severe  accentuation  of  the  frontal  and  j>ostorbital 
aching  was  experienced,  but  during  the  periotls  of  lower  tem|ierature,  the 
patients  felt  relatively  well.  The  fever  persi.sted  for  2  to  8  days — averaging 
5.4  days — with  maxintuin  elevations  ranging  from  J)!>.8°  to  1()5.()°  F.  In  five 
patients,  a  transient  evelati<m  of  tenu)eratnre,  sometimes  as  high  as  101.4° 
F.,  occurred  from  2  to  7  days  after  the  original  febrile  period.  Stiffness  of 
the  neck  accompanied  headache  in  three  patients,  but  examination  of  the 
cerebrospinal  fluid  revealed  it  to  be  nonnal;  there  was  no  noticeable  relief 
of  headache  following  lumbar  puncture.  Adenopathy  was  not  remarkable. 
A  firm  spleen  was  palpable  early  in  the  disease  in  95  percent  of  the  patients. 
Splenomegaly  persisted  in  some  patients  for  as  little  as  5  days:  in  others, 
there  was  still  noticeable  enlargement  after  2  weeks. 

The  most  distinctive  feature  of  the  disease,  however,  was  the  appearance 
of  an  unusual  rash  on  or  about  the  fourth  day  of  illness.  In  60  percent  ( 24) 
of  the  patients,  this  was  bilaterally  symmetrical  and  limited  in  distribution 
to  the  pretibial  areas;  in  an  additional  20  percent  (8  patients),  the  pretibial 
areas  were  the  primaiy  site  of  the  rash,  and  a  few  lesions  were  scattered  else¬ 
where.  Two  patients  had  splotchy,  generalized  cutaneous  manifestations  in¬ 
cluding  the  anterior  surface  of  both  legs.  One  had  a  single  lesion  on  the 
hand.  In  five  cases,  typical  in  all  other  respects,  no  rash  was  observed.  In¬ 
dividual  lesions  consisted  of  an  erythematous  localized  blush  of  irregular 
outline  with  ill-defined  borders  fading  into  the  surrounding  skin.  These  were 
often  from  2  to  5  cm.  in  their  largest  diameter,  gradually  coalescing  with 
adjacent  lesions.  The  lesions  were  raised,  warmer  than  the  surrounding  skin, 
and  '  ometimes  slightly  tender  to  touch.  In  some  patients,  the  lesions  vaguely 
resembled  erythema  nodosum.  In  two  patients,  the  rash  became  diffusely  dis¬ 
tributed  over  the  entire  body,  and  in  a  few  it  appeared  urticarial.  Following 
the  generalized  type  of  rash  there  w’as  a  residual  pigmentation  which  per¬ 
sisted  for  about  2  weeks.  None  of  the  lesions  were  purpuric.  In  most  in¬ 
stances,  the  cutaneous  manifestations  lasted  2  days,  but  they  persisted  longer 
in  a  few  patients.  Figures  57  and  58  illustrate  the  pretibial  and  the  gener¬ 
alized  forms  of  the  rash. 

Biopsies  of  cutaneous  lesions  were  performed  in  six  typical  cases.  They 
showed  diffuse  edema  and  a  slight  to  moderate  perivascular  infiltration  with 
small  round  cells  and  macrophages.  It  is  clear  that  drugs  played  no  part  in 
the  development  of  this  rash  because  only  one  patient  had  received  sulfona¬ 
mide  therapy  and  no  other  patient  received  any  drug  except  acetylsalicyclic 
acid  and  codeine.  Leukopenia  was  noted  sufficiently  often  to  constitute  a 
typical  feature;  it  was  present,  in  all  except  five  patients,  at  some  time  during 
the  acute  illness.  It  developed  most  often  between  the  third  and  the  fifth 
day  of  illness.  At  the  termination  of  the  febrile  period,  the  leukocytes 
again  rose  to  normal,  and  in  14  patients  a  slight  leukocytosis  occurred.  The 
number  of  leukocytes  ranged  from  2,800  to  14,000  per  cubic  millimeter.  Dif- 
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ftMviitiiil  counts  usually  showed  no  deviation  from  normal.  allhou<rh  in  a  few 
cases  a  moderate  relalivt*  lymphocytosis  was  present. 

Cultures  of  the  hlood  ^howed  no  growth.  Acf^^lut  inat  ions  foi*  Prof  ins 
OX-l!).  Ilnin  JJa  nii  lifi  nsls.  the  typhoid-paratyphoid  jrrotip.  and  heteiophile 
antibodies  were  ne^irat iw'.  No  patient  had  heen  in  an  area  where  coccidioido¬ 
mycosis  was  emU'iuic.  Skin  ti'sts  usin”’  cocci<lioi»lin  anii^tm  were  neirati\t>  in 
two  ])atients  alter  their  recovery.  Ivoi*ntm>no”iam>  of  the  chest  were  made 
in  many  patients,  hut  none  showed  any  ahnormality. 

At  the  termination  <d'  the  fever,  tin*  patients  rapitlly  rettirned  to  their 
orijxinal  liealthv  state.  'Fhere  was  no  post  febrile  depletion  or  depression,  and 
there  were  no  complications. 

CASK  REPORTS 

Case  1. — -V  Whitt*  sdldior,  ajicd  2-”.  adinittcl  t<»  ila*  hospiial  <>ii  7  .Vujjust  1!>42.  cdin- 
plaiiu'd  of  fever  :iiid  head.-ielie.  He  liad  liet*..  'vel!  until  2  days  previously.  \vh<*u  he 
felt  feverisli  and  ehilly.  tSovere  frontal  heatlaein*.  jiosiorhital  pain,  and  sevt're  hjiekaehe 
(h'veloped.  The  next  day  he  fell  slijrhily  belter,  but  on  the  day  of  ndinission  the  .syinp- 
trtins  wert*  all  aeeentuat**d.  The  Teniperalun*  v.as  101°  F..  the  pnls»*  rtite  tMl.  and  the 
respii-atory  riite  20:  the  leukocytes  nunibi‘red  S.1.">0  per  cu.  nun.  Notliiiif:  unusual  wiis 
fotiml  on  physical  examination.  On  the  tilth  day  of  the  disease,  the  .spleen  was  firm 
and  easily  pal]iabU‘.  Over  tin*  ju-t'iibial  surftiees  of  both  It'vts,  irrt'jiular.  erythematou.s 
lesions  were  not*>d;  these  wert*  |■;limly  ten(h*r.  warm  to  touch,  and  V(*ry  sliirhtly  niised 
(ti;:.  .'iTl.  The  patient’s  ieni])eraliire  was  swin^rinu  in  eluiraeter  a’ld  rim"ed  from 
to  10-1.4^  F.  without  :i  eorresiioiidim:  raiadity  of  puls**.  'I'ht*  leukocyt**s  mimhered  4,900 


Iier  cu.  nini.,  with  G5  percent  polymorphonuclear  cells.  On  the  seventh  dny  of  illness, 
the  rash  had  entirely  disappeared,  the  temperature  was  normal,  and  the  patient  felt 
well.  The  .spleen  was  still  palpable  at  discharge  from  the  hospital. 

Case  2. — A  white  soldier,  aged  21,  admitted  to  the  hospital  on  9  August  1942 — the  third 
day  of  disease* — had  as  Initial  symptoms  frontal  headache  and  pain  in  the  feet  and  legs 
which  later  Involved  various  joints.  At  the  onset  there  was  nausea  wltlmut  vomiting. 
Shaking  chills  had  occurred  on  two  occasions  in  the  3G  hours  prior  to  admission.  Physi¬ 
cal  examination  revealed  nasal  congestion,  pharyngitis,  signs  of  genernllze<l  bronchitis, 
a  temperature  of  104“  F.,  a  pulse  rate  of  92,  and  a  respiratory  rate  of  20  (chart  24). 
The  leukocytes  numberetl  9,1!>0  per  cu.  mm.  Two  hours  after  admission  a  rash  appeared 
on  the  trunk,  neck,  and  extremities.  This  consislci  of  discrete,  brilliantly  erythematous, 
slightly  raised,  warm  plaques  varying  in  size  trom  ;  to  8  cm.  in  their  largest  diameter. 
The  rash  was  generullze<l  (fig.  .'58)  and,  as  i  tlie  -riier  cas**s,  the  anterior  aspects  of 
both  legs  were  Involveil.  During  the  next  few  -.he  temperature  range<l  from  99“  to 
104.(5“  F..  with  very  little  ac<-eleration  of  the  pulse.  The  ^ipleen  i>ecume  palpable.  The 
rash  remaine<l  erythematous  for  .5  days,  faded  gradually,  and  left  a  definite  purplish 
pigmentation  that  diminished  during  the  succeetllng  2  week.s.  The  leukocytes  were  re¬ 
duced  to  4,.3.'i0  «»n  the  sixth  day  and  to  3,700  per  cu.  mm.  on  the  seventh  dny,  with  no 
abnormality  In  the  differential  c<»unt.  ('oavalescence  was  uneventful. 
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i\|)liii>  x'ciiumI  Id  Ilf  fNi'hi'lftl  li\  I  Ilf  >lidrl  ilniiil  ion  ol  tin*  illnf».  Ii\  lln 
fiilii  flv  (lillfi-fiii  lyi'f  of  |•,•^^ll.  ninl  liy  ilif  l•on'i~I f nl  I y  iif^-nlix  f  ^^’f  il- l-’f  li\ 
|•f:n•lion^  w  illi  (  )X  !'.•  :il  dillfifiil  |ifrio<|.~  of  llif  illnf'>.  llm-ky  Moiini.iin 
-poiifd  I'fMT  \\:i.'  >iinil:ii  ly  di'ini-'fd  rroni  fon.~idf r.-il  ion.  ’I'lnnf  \\:i'  no  lii- 
ior\  of  liiif-  liy  lick'  in  ildn  irron|i.  AN'Iifii  llif>f  |);ilifni>  ufi'f  >iiidifd.  iliilli' 
If Vf r  -  had  not  Vft  hffii  df>crilifd.  allhoii^li  cases  wfi-f  hfini:'  rfcoi;nizfil  in 
If\a>.  .\cain.  ali>fncf  ol  hiifs  hy  iick>  and  ilillfnaicf  in  >yin|)loniaioloi;\- 
indicalfd  that  llif  casf>  lifi'f  df'crilifd  wfi'f  not  llif  same  a>  tho'f  'fcn  al 
(  ani|i  liiilli^.  If.x.  In  no  lanf'  did  adfiiopalliy  on  ihf  cha  lactf  i-i'l  ic  hfiiia- 
lolo^ical  cliani^f'  of  inlfciion'  inonoimc IfO'i'  df\flo|i.  I’hf  diiiaiion  of  iIh 
di'fa'f.  nf'.;aii\  ('  cidlnro  of  Mood  and  >loo|.  and  nfL''ali'  f  airulnl  inal  ion  I'f 
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actions  elimiiuited  the  typhoid-paratyphoid  group.  Tlie  parasites  of  malaria 
and  ivlapsing  fever  were  sought,  but  not  found.  Dengue  was  at  lii-st  thought 
to  be  the  probable  diagnosis.  However,  as  new  cases  were  observed,  certain 
pmminent  features  of  that  disease  were  consistently  absent.  No  patient  had 
a  “camel  back"  tyj>e  of  fever  curve  or  any  jx)st febrile  depletion  or  depression. 
The  usual  vector  of  dengue,  Aedcx  aeijyptL  was  not  found  in  the  vicinity. 
It  wouhl  l)e  unusual  f«)r  an  outbreak  of  dengue  t«)  U*  limited  l<»  su«-h  a  small 
group.  The  ty^ie  ami  the  distribution  of  the  rash  were  not  similar  to  that 
seen  in  dengue.  Other  denguelike  diseast's  were  considered;  however,  the 
clinical  featuivs  of  this  disease  showetl  detinite  dissimilarity  to  these  in  one 
or  moi'e  imiiortant  n‘s|)ects.  Search  of  the  literature  did  not  reveal  a  de¬ 
scription  of  a  clinical  entity  into  which  this  group  of  cast's  would  lit. 

EPIDEMIOLOGICAL  ASPECTS 

The  organizations  from  which  these  soldiers  came  were  tpiartered  in  the 
northern  thinl  of  the  jiopulated  area  of  the  reservation,  near  a  small  stream 
and  its  tributaries.  Other  areas  of  the  jwist  furnished  no  patients  ill  with 
this  disease;  therefore,  local  environmental  factors  were  thought  to  be  of  eti¬ 
ological  imjMirtance.  There  was  no  single  lineality  off  the  re-ervation  to  which 
the.st'  men  went  during  the  month  previous  to  illness,  and  they  had  no  com¬ 
mon  meeting  place  on  the  reservation.  Some  of  the  men  had  done  no  swim¬ 
ming,  while  others  swam  in  several  different  ponds.  Although  there  was  no 
swimming  place  common  to  all,  more  men  swam  in  “McFadgen's  Pond"  than 
in  any  other  place — on  or  off  the  reservation. 

The  factors  responsible  for  the  outbreak  could  not  lie  determined.  The 
medical  ins|H*ctor  of  the  post  maile  a  search  for  insect  vectore  that  might  be 
suspected.  Iledbugs,  stableflies,  chiggers,  ticks,  and  horseflies  were  found  but 
for  various  reasons  were  considered  unlikely  vectors. 

During  the  jieriod  of  this  outbreak,  the  population  of  mos<|uitoes  on  the 
post  was  very  low.  but  various  members  of  the  Culrx  sjiecies  were  found  with 
Culex  iivinqaefituriatujt  appearing  most  frequently.  This  mosipiito  had  been 
disproved  as  a  carrier  of  dengue.  No  representative  of  the  dengue  vector, 
A.  afgypti^  Avas  found,  but  Aedes  athinfiem,  Aedes  caimdemis,  and  Aedes 
vexanjt  were.  Their  presence  was  thought  to  be  of  doubtful  inqiortance. 

After  a  decrease  in  the  numlier  of  admissions  to  the  hospital  in  mid- 
August,  the  incidence  of  the  disease  again  increa.sed  .sharply.  The  clinical 
picture,  the  long  period  of  incubation,  and  the  leukopenia  suggested  that  the 
disease  was  probably  due  to  a  virus.  The  localization  of  the  cases  in  one  area 
of  the  ]M)st  made  it  seem  probable  that  it  was  transmitted  by  an  insect  vector. 
The  local  medical  ]>ersonnel  were  unable  to  earn'  out  studies  as  to  etiology, 
so  The  Surgeon  (Jeneral,  P.S.  .\rmy.  was  reipiested  to  send  esjiecially  trained 
individuals  to  stinly  the  outbreak. 
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SPECIAL  INVESTIGATION 

On  ;}  Septeiul)er  11)42,  Dr.  Norman  II.  Topping,  Parsed  Assistant  Sur¬ 
geon,  P.S.  Public  Health  Service,  Maj.  (later  Lt.  Col.)  Cornelius  B.  Philip. 
Sn(’,  and  Dr.  John  U.  Paul,  Professor  of  Preventive  Medicine,  Yale  Uni¬ 
versity  School  of  Medicine,  New  Haven,  ('onn.,  and  Director,  C’ominission  on 
Neurotro[)ic  Virus  Disease.s,  Board  for  the  Inve.stigation  and  ('ontrol  of  In¬ 
fluenza  and  Other  Epidemic  Diseases  in  the  Army,  arrivetl  at  Fort  Bragg 
to  stmly  the  disease.  The  ('ommission  reviewetl  the  reconls  of  the  case  pre¬ 
viously  studied  and  examined  the  patients  remaining  in  the  hospital.  They 
agreed  that  the  soldiei's  were  ill  with  a  disease  unknown  to  them,  but  Dr. 
Topping  remembered  that  an  outbreak  of  a  di.sease  with  similar  features  had 
been  encountered  in  the  town  of  AVrens,  (Ja.,  in  1940.  This  illness  was  lo¬ 
cally  known  as  Brushy  Creek  fever.  Iiujuiry  later  brought  information  from 
Dr.  Charles  D.  Bowdoin,-*  who  had  observed  these  patients  and  reported  them 
at  a  later  date,  that  about  .‘lo  cases  had  occurred.  The  clinical  course  and 
manifestations  seemed  to  l)e  (piite  identical  with  those  at  Fort  Bragg.  A 
laboratory  technician  who  had  made  some  of  the  cultures  of  feces  was  re¬ 
ported  as  having  developed  the  disease. 

The  Commission  began  investigations  in  regard  to  the  epidemiology  and 
etiology  of  the  disease.^  They  showed  that,  although  only  JH  patients  with  a 
rash  had  been  considered  to  have  this  disease  by  medical  officers  of  the  hos¬ 
pital.  the  number  of  cases — in  one  of  the  regiments  involved — without  a  rash 
might  have  exceeded  those  with  a  rash  by  as  much  as  50  percent.  The  Com¬ 
mission  confirmed  the  fact  that  the  disease  was  not  spread  evenly  through¬ 
out  the  camp  population;  but,  of  the  34  cases  (with  a  rash)  diagnosed  be¬ 
tween  27  July  and  19  September,  75  percent  had  occurred  in  3  regimental 
units.  Practically  all  of  the  cases  (almost  97  percent  with  a  rash)  occurred 
in  troops  (juartei-ed  in  the  northern  third  of  the  developed  ai*ea.  A  canvass 
was  made  of  four  artillery  regiments  quartered  in  the  southern  section  of 
the  post,  and  no  “mis.'sed  cases”  were  found  among  4,800  troops. 

These  features,  plus  the  fact  that  the  rate  of  attack  was  particularly  high 
in  two  units,  led  the  Commission  to  suspect  that  some  local,  although  unrec¬ 
ognized,  environmental  feature  was  responsible.  Particular  attention  was 
paid,  therefore,  to  two  units.  In  each  of  these,  an  epidemic  amounting  al¬ 
most  to  an  explosive  outbreak  had  occurred.  These  outbreaks  were  separated 
by  about  3  weeks  and  were  limited,  to  some  extent  (in  the  early  cases),  to  a 
single  company. 

These  explosive  epidemics  l)ecame  apparent  when  a  survey  of  the  rec¬ 
ords  of  illness  of  one  unit  in  particular,  namely,  the  88th  Airborne  Infantry, 


•>  Bowdolii,  C.  D.  :  A  Now  Diseasp  Entity  (?>.  Georgia  .^.1:  437-438,  442,  December  1942. 

*  I’reiiminary  Report  of  the  Coiiimission  for  the  Stud.v  of  an  Vnidentifled  Disease  at  Fort  Bragg, 
X.C..  3-11  Sept.  1942.  by  Dr.  Xornian  H.  Topping.  P..\.  Surgeon.  I’.S.  Public  Health  Service,  Maj. 
Cornelias  B.  lUiilip.  SnC,  C.S.  .Vrmy,  and  Dr.  .John  A.  Paul,  Yale  University  School  of  Medicine. 
Submitted  to  The  Surgeon  General.  U.S.  Ariiiy.  l.T  Oct.  1942. 
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revealed  that  tliere  had  been  a  sharp  increase  of  cases  of  “influenza,"  “naso- 
pharynjritis,'’  or  “fever  of  undetermined  orif'in"  in  this  rejjiinent  durinjr  Au¬ 
gust.  Of  the  fVi  cases  of  ‘‘influenza,’*  and  other  diseases,  which  were  reixirtetl 
in  Aujiust,  U  developed  a  rash  after  they  had  been  hospitalized  and  were  ulti¬ 
mately  tlia#;nost‘d  as  having  Fort  Bra#'"  fever.  In  14  othei's,  whose  hospital 
records  were  available  for  study,  the  picture  was  compatible  with  that  of 
Fort  Bnifrjr  fever,  although  the  rash  was  lacking. 

It  was  concludeil,  therefore,  that  a  nonexanthematous  form  of  this  dis¬ 
ease  existed  and  (if  all  forms  of  the  disease  were  considered)  it  could  apj^ear 
in  explosive  epidemic  form  resulting  in  almost  10  percent  of  the  jiersonnel 
in  a  given  company  Unug  infecte<l  within  the  j)eriod  of  ‘J  weeks.  Factors 
responsible  for  this  type  of  exjdosive  outbreak  were  not  determined. 

Certain  information  al)out  the  j)eriod  of  incubation  was  obtained.  Five 
men  probably  develojwil  the  disease  while  they  were  away  from  the  post  and 
.several  developed  it  within  a  few  days  after  their  return,  following  an  ab¬ 
sence  of  10  days  on  maneuvers  on  Chesajieake  Bay.  If  it  is  assumed  that 
the  disease  was  not  spread  by  direct  contact,  the  data  accumulated  would 
indicate  that  the  incubation  |)eriod  was  from  10  to  1,5  days  or  longer. 

The  rommission*s  entomological  observations  indicated  that  if  parasitic 
arthropods  were  vectors  of  the  disease,  there  were  only  three  that  were  found 
or  reported  in  sufticient  numlx'rs  ami  of  sufficient  di.stribution  to  l>e  consid¬ 
ered.  These  were  stableflies  {Stonuxeys  calHfmm)^  mosquitoes,  and  chiggers 
{Tromhh'ula  irrlfaii.'t).  These  parasites  had  also  l)een  reported  to  have  hit- 
ten  men  stationed  in  units  in  the  southern  part  of  the  post,  where  none  of 
the  cases  occurred. 

As  to  mosquitoes,  it  was  found  that  a  ditched  but  swampy  arm  of  Tank 
Creek  separating  the  two  most  heavily  infected  units  could  have  provided  the 
most  available  .source  of  breeding,  but  reports  of  adjacent  troops  and  of  .sani¬ 
tary  personnel  indicated  insufficient  incidence  of  mosquitoes  in  both  July  and 
early  August  to  account  for  the  outbreak.  The  evidence  of  tran.smission  by 
mosquitoes  was  not  considered  strong. 

Having  collected  and  frozen  material  for  further  study,  the  Commission 
departed  on  11  Septemlier  to  carry  out  investigations  of  etiology  in  their  var¬ 
ious  laboratories. 

Search  for  an  etiological  agent  was  carried  out  by  members  of  the  Com¬ 
mission  at  the  National  Institute  of  Health,  U.S.  Public  Health  Service,  at 
the  Yale  XTniversity  School  of  Medicine,  and  at  the  Medical  Department  Pro¬ 
fessional  Service  Schools.® 

The  material  obtained  for  study  consisting  of  blood  from  acutely  sick 
patients  and  a  variety  of  insects  (including  Stomoxya  caJ-cifrans)  had  been 
frozen  and  kept  on  Dry  Ice.  It  was  inoc’ulated  into  embryonated  eggs,  guinea 

•'>  Final  Report  of  tlio  CoinmlsHlon  for  the  Study  of  an  T’nldontlfled  Diaease  at  Fort  Brapc,  N.C., 
3-11  Sept.  1942.  by  Dr.  Norman  II.  ToppliiK.  P.A.  Surseon,  I’.S.  Public  Health  Service.  Maj. 
CorneliiiH  B.  Philip,  SnC.  U.S.  Army,  and  Dr.  .John  R.  Paul.  Tale  University  School  of  Medicine. 
Submitted  to  The  Surjteon  Ocneral,  U.S.  Army.  31  Mar.  1943. 
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pigs,  mice,  monkeys,  ami  one  chimpanzee.  Iluman  transmission  e.\|)eriments 
were  tried  by  inoculating  frozen  whole  blood  and  by  allowing  .1.  aegypti  and 
Aeden  (dbopwtm  mos<iuitoes  previously  fed  on  a  patient  ill  with  the  disease 
to  feed  on  volunteers.  Each  one  of  these  attempts  to  transmit  the  disease 
failed.  In  retros|)ect,  however,  the  negative  findings  with  frozen  human  ma¬ 
terial  were  e.xplained  by  an  imiwrtant  discovery  made  about  2  years  later, 
when  it  was  shown  that  the  causative  agent  of  this  disease  is  destroyed  by 
freezing.  It  is  small  wonder,  therefore,  that  the  exiieriments  of  1942  were 
unsuccessful.  It  was  not  until  1st  Lt.  (later  Capt.)  Hugh  Tatlock,  MC,  suc¬ 
ceeded  in  i^erforniing  direct  transmission  experiments  with  fresh  blood  in 
guinea  pigs  in  1944  that  the  disease  was  successfully  transmitted. 

Outbreaks  similar  to  that  of  1942  occurred  during  the  summers  of  194:1  ® 
and  1944’  among  soldiers  quartered  in  the  same  area  of  the  post.  In  194:1. 
a  rickettsia-like  organism  was  recovered  by  Tatlock  ”  from  three  of  fi\e 
guinea  pigs  injected  with  fresh  blood  from  a  patient  ill  with  tlie  disease. 
Attempts  were  made  to  show  tliat  this  agent  was  concerned  in  the  etiology  of 
the  di.sease.  However,  subse([iu‘nt  studies  indicated  that  this  organism  was 
undoubtedly  of  guinea  pig  origin  and  not  concerned  in  the  etiology  of  Fort 
Bragg  fever. 

In  the  summer  of  1944,  Tatlock  injected  two  guinea  pigs  and  two  Syrian 
hamsters  intraperitoneally  with  blood  freshly  drawn  from  a  patient  ill  for  4 
days  witli  the  disease.**  Both  guinea  pigs  developed  fever  (105°  to  106°  F.) 
8  days  after  inoculation.  Both  guinea  pigs  were  found  dead  on  the  10th 
day.  No  passage  was  attempted  from  the  hamstere.  Serial  transmission  of 
the  fever-producing  agent  in  guinea  pigs  was  accomplished  by  the  intraperi- 
toneal  injection  of  citrated  blood  on  the  first  day  of  fever.  The  incubation 
period  was  4  to  8  days  and  fever  persisted  from  2  to  4  days.  More  than  70 
passages  produced  no  increase  in  virulence  of  the  agent.  Xo  gross  abnor¬ 
malities  were  found  in  sacrificed  guinea  pigs.  Histological  sections  of  the 
liver  showed  areas  of  focal  necrosis.  Xo  inclusion  bodies  or  Rickettsia  were 
seen  in  sections. 

Tatlock  found  the  agent  capable  of  infecting  guinea  pigs,  rabbits,  and 
Syrian  liamsters  by  both  intraperitoneal  and  intracerebral  inoculation.  The 
disease  transmitted  was  uniformly  fatal  for  hamsters.  Intravenous  inocula¬ 
tion  of  11-day  chick  embryos  was  accomplished.  From  these  infected  eggs, 
the  agent  was  propagated  by  the  yolk-sac  route,  and  fresh  tissue  suspensions 
were  infective  for  hamsters  in  1  to  100,000  dilution.  The  agent  passed  a 
Corning  fritted  glass  filter  but  failed  to  pass  a  single  Seitz  pad.  Tissue 
emulsions  in  sterile  skim  milk,  frozen  rapidly  and  maintained  at  —70°  C., 

6  Personal  observation  of  the  author. 

t  Personal  communication,  J.  M.  Kinsman,  to  the  author. 

8  Tatlock,  H. :  A  Rickettsia-Like  Organism  Recovered  From  Guinea  Pigs.  Proc.  Soc.  Exper. 
Biol.  &  Med.  57 :  95-99,  October  1944. 

9 Tatlock,  H.  :  Studies  on  a  Virus  From  a  Patient  With  Fort  Bragg  Fever  (Pretibial  Fever). 
J.  Clin.  Investigation  26  :  287-297,  March  1947. 
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retained  viability.  However,  bloml.  whole  tissues,  or  tissuas  siis{>ended  in 
broth  lost  infeetivity  when  stored  for  :i4  hours  at  20“  4°  or  at  —70°  C. 

in  sealed  j;lass  ampules. 

Sera  from  live  i)atients  with  Fort  Iirajj:j;  fever  weiv  usetl  in  pi'otection 
tests.  Neutralization  was  obtained  in  two  patients  with  eoiivaleseent,  but  not 
with  acute,  sera,  ('ontpandde  i-esults  were  obtained  with  two  sets  of  sera 
from  infected  fruinea  pijjs. 

By  early  194.5,  Captain  Tathwk  had  brought  his  stmlies  to  a  point  where 
he  ami  othei’s  inteivsted  in  the  disease  were  confident  that  Fort  Braj:*;  fever 
was  due  to  a  well-characterized  filtrable  virus  unrelated  to  any  other  known 
virus.  At  this  juncture,  he  was  orderetl  to  Walter  Heed  (lenend  Hospital, 
Armv  Me<lical  Center,  for  clinical  duties  but  maintained  the  a^ent  theiv  bv 
passajjfes  and  by  storajre,  frozen  in  an  emulsion  of  milk. 

Durinjr  the  summer  months  of  1945.  no  patients  with  this  disease  were 
admitted  to  the  hospital  at  Fort  Brajrjj.  It  is  of  interest  that  a  large  part 
of  the  post  area  in  which  patients  hud  pi’eviously  seemed  to  ac(iuire  the  dis¬ 
ease  was  un<K‘cupied  except  for  a  |)eriod  of  “a  week  or  two.*’’” 

Isolated  reports  ap|)eared  of  single  ca.ses  of  Fort  Bragg  fever  in  Connec- 
ticut,'*  New  York.’-  and  ('alifornia.’"’  From  the  descriptions  given,  these 
patients  may  have  had  this  disea.se,  although  it  would  seem  difficult  to  make 
an  absolute  diagnosis  in  the  abssence  of  ati  outbreak. 

ADDENDUM 

In  the  spring  of  1946,  ('aptain  Tatlock  was  ordered  on  detached  service 
to  Cincinnati,  Ohio,  where,  through  the  cooj)eration  of  Dr.  All)ert  B.  Sabin 
and  of  tbe  IjongA’iew  State  Hospital,  he  l)egan  sttulies  in  transmission  among 
a  group  of  patients  undergoing  fever  therapy.  He  inoculated  thi*ee  patients 
intranniscularly  and  intracutaneously  with  a  10-percent  suspension  of  in¬ 
fected,  embiTonated  chick  liver  in  saline.  This  material  had  l)een  through 
80  passages  in  guinea  pigs  and  2*1  passages  in  embryonated  eggs.  After 
an  incubation  period  of  8  to  9  days  all  three  patients  developed  a  short  febrile 
illnes.s.  Successful  inoculation  of  three  other  patients,  using  freshly  de- 
fibrinated  pooled  blood  from  the  previous  patients,  was  accomplished,  and  a 
third  passage  was  successful  in  seven  of  eight  other  individuals.  All  but  one 
of  the  latter  patients,  after  an  incubation  iwriod  comparable  to  that  of  tbe 
natural  disease  (8  to  14  days),  developed  fever,  and  the  majority  exhibited 
the  clinical  picture  of  Fort  Bragg  fever  with  rash  and  leukopenia.  For  the 
third  pa.s.sage,  two  patients  immune  to  “New  (Juinea  strain  of  dengue 
fever  virus,  two  immune  to  the  “Hawaiian"  strain  of  virus,  and  two  immune 

•0  IVrsotinl  ODiiimiinlcntinn,  .1.  H.  IMiicIi*.  •«  th**  niitlinr. 

ii  LipHOomb.  L.  L..  an«l  McMiilion.  .1.  I..:  I'rftibinI  Fcvit.  .I.A.M.A.  128:  00  01,  12  Mn.v  104.'). 

1*  Groenfield,  I.:  Pretiblal  Fever;  A  New  la.seaxe  Kiifity.  Urol.  &  Ciilan.  Rev.  47:  4;i.->  4:’.0. 
Jiil.v  104:5. 

•  •■5 1‘erKonaI  coiiimiiiiicatlon.  O.  Cheney,  to  the  author. 

14  See  footnote  0.  p.  44.’>. 
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to  the  “Middle  East-Siciliau”  tyiJe  of  sandfly  fever  virus  were  used.  All 
were  found  susceptible  to  the  “virus’’  of  Fort  Bragg  fever. 

“Vireinia”  was  demonstrated  in  these  patients  by  the  immediate  inocula¬ 
tion  of  fresh,  defibrinated  blood  into  young  hamsters.  The  “virus”  appeared 
in  the  blood  of  these  patients  shortly  before  the  onset  of  fever  and  disap¬ 
peared  rapidly  thereafter. 

It  now  api)eared  clear  to  all  interested  in  the  disease  that  the  “virus” 
isolated  by  Tatlock  from  a  case  of  Fort  Bragg  fever  in  1944  was  a  new  and 
distinct  agent  capable  of  producing  the  chtssical  manifestations  of  the  natu¬ 
ral  disease  when  inoculated  into  man. 

In  1947,  in  New  Haven,  Melnick  ami  Paul  inoculated  four  chimpan¬ 
zees  intracutaneously  and  subcutaneously,  using  the  “virus”  isolated  by  Cap¬ 
tain  Tatlock.  These  animals  developed  a  disease  similar  in  many  respects 
to  the  experimental  disease  transmitted  to  humans  by  Tatlock,  and  subse¬ 
quent  bleedings  showed  that  they  had  developetl  neutralizing  antibodies. 
When  “virus”  inactivated  by  fi'eezing  was  inoculated  into  five  chimpanzees, 
no  disease  or  neutralizing  antibodies  developed.  Two  of  these  animals  were 
later  given  active  “virus”  and  both  developed  antibodies.  Two  animals  were 
studied  for  “viremia”  during  the  period  of  fever.  This  was  demonstrated  in 
one  of  the  animals  by  transmission  to  a  chimpanzee  and  in  the  other  by 
transmission  to  young  hamsters. 

During  the  ensuing  years,  the  “virus”  of  Fort  Bragg  fever  w^as  main¬ 
tained  in  several  laboratories.  The  possibility  that  this  agent  might  be  a 
Leptospira  was  considered  several  times  by  Gochenour,  Smadel,  and  others 
at  the  Army  Medical  Service  Graduate  School,  Walter  Reed  Army  Medical 
Center.^®  However,  results  obtained  with  methods  then  employed  failed  to 
support  this  idea. 

Latpi’,  a  large  collection  of  leptospiral  strains  was  assembled  by  this 
group.  In  the  fall  of  1951,  Gochenour,  an  Army  veterinarian- -with  Smadel 
and  other  coworkers — found  that  with  antigens  prepared  from  these  strains 
convalescent  and  immune  sera  of  victims  of  Fort  Bragg  fi-ver  gave  a  high 
titer  of  agglutinating  antibodies  against  Leptospira  auturmalis.  With  this 
lead,  a  leptospiral  organism  was  recovered  by  culture  from  the  365th  pas¬ 
sage  of  the  Fort  Bragg  agent  since  its  original  isolation.  Cross-agglutination 
tests  showed  that  the  Fort  Bragg  agent  was  essentially  indistinguishable  from 
Lept.  autumrudis  Akiyami  A,  the  cause  of  autumnal  fever  in  Japan  and  other 
areas  of  the  Far  East.  There  w’as  then  no  doubt  that  Lept.  autumnal  is  was 
being  carried  in  this  laboratory  as  the  “virus”  of  Fort  Bragg  fever.  Obvi¬ 
ously,  it  was  of  the  utmost  importance  to  learn  whether  this  was  a  contami¬ 
nant  or  whether  it  really  originated  from  patients  with  the  disease  at  Fort 
Bragg. 

15  Melnick,  J.  L..  anrl  Paul.  J.  R. :  Experimental  Fort  Bragg  Fever  (Pretiblal  Fever)  in  Chim¬ 
panzees.  Proc.  Soc.  Exper.  Biol.  &  Med.  67  :  263-268,  March  1948. 

16  Gochenour,  W.  S.,  Jr.,  Smadel.  J.  E..  Jackson,  E.  B.,  Evans,  L.  B  ,  and  Yager,  R.  H. :  Lepto¬ 
spiral  Etiology  of  Fort  Bragg  Fever.  Puh.  Health  Rep.  67 :  811-813,  August  1952. 
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Puiretl  sem  from  ^felniok  aiul  Paul's  four  euphoniously  naiue<l  (‘hiuipan- 
zees — Rosebud,  Mary  Ta)u,  Hickory,  and  Catawba — showed  hi{>:h  titers  of 
atjjrhitinins  or  neutralizin'!:  antibodies  against  Lept.  antmnnali.'i  in  the  con¬ 
valescent,  but  none  in  the  acute,  sera.  Paired  sera  from  six  of  Captain  Tat- 
lock's  ])atients  infected  in  C'incinnati  <»ave  the  same  results. 

Fortunately,  paireil  sera  from  live  of  the  ori<^inal  soldiers  who  had  been 
bled  by  Tatlock  in  1044  were  still  safe  in  the  Deepfreeze.  Three  of  these 
patients  were  found  to  have  developed  neutralizing  antibodies  and  leptospiral 
agglutinins.  Two  who  failed  to  develop  neutralizing  antibodies  in  Captain 
Tatlock's  experiments  also  failed  to  agglutinate  Lept.  autu7nnah'.'<. 

It  is  of  great  interest  that  three  lots  of  hyperimmune  rabbit  sera — one 
prepared  in  1047  from  the  hamster  line,  another  in  1051  from  cultured  Lepto- 
apirue  of  the  Fort  Bragg  agent,  and  a  third  from  cultures  of  Lept.  autumna- 
ViH  Akiyami  A — protected  hamsters  against  100,000  LDjo  of  the  Fort  Bragg 
Leptosplm. 

Stored  sera  from  45  Fort  Bragg  patients  ill  in  1043  or  1044,  though  not 
paired,  were  studied.  Sixteen  of  these  gave  clear-cut  serological  evidence  of 
infection  with  Fort  Bragg  Leptospira. 

Fort  Bragg  fever  then  is  caused  by  a  meml)er  of  the  Lept.  autumnal k 
group.  No  member  of  his  group  was  previously  known  to  exist  in  the 
United  States.  This  di-K!ase  takes  its  place  with  Weil’s  disease,  swineherd’s 
disease,  canicola  fever,  and  other  leptospiral  diseases  and  is  a  contribution  of 
Army  medical  investigation  to  medicine. 


CHAPTER  XIV 


Statistics  of  Malaria 

Fred  H.  Mowrey,  M.D. 

Malaria,  one  of  tlie  world's  {greatest  causes  of  morbidity,  has  played  a 
dominant  role  in  many  military  campaigns,  although  not  so  de\  astatingly  as 
the  pestilential  diseases  of  typhus,  plague,  the  dysenteries,  and  smallpox. 

HISTORICAL  NOTE 

Malaria  played  a  vital  part  in  Caesar's  campaigns  during  the  Roman 
civil  wars.  Malaria  was  the  savior  of  Rome  from  the  Germans  on  many 
occasions.  Celli  ^  writes :  “The  Queen  of  the  World  sutfered  much  at  the 
hands  of  these  Barbarians,  but,  in  her  dethronement,  she  found  ample  re¬ 
venge.  For  in  the  swamps  around  Rome  there  lurked  swarms  of  mosquitoes 
eager  for  fresh  healthy  blood,  and  they  it  was  that  now  attacked  the  foreign 
invaders.  These  Northern  warriors,  wdio  were  forced  to  spend  the  summer 
within  or  outside  Rome,  died,  or  lingered  on  for  years  weakened  by  daily 
fever,  and  this  happened  over  and  over  again  for  centuries  with  a  terrifying 
regularity.  The  various  German  troops  made  their  departures  more  in  the 
manner  of  a  funeral  procession  than  in  a  victor's  triumph.”  Celli  referring 
to  Otto  I  in  964  writes,  “The  Emperor,  however,  celebrated  the  Nativity  of 
St.  John  (June  24)  and  the  Feast  of  the  Holy  Apostles  (June  29)  and  turned 
homewards  from  the  Roman  Land.  But  he  was  overcome  by  a  fate  more 
unhappy  than  he  could  ever  have  looked  for,  for  in  his  army  there  broke  out 
so  great  and  deadly  a  pestilence  that  almost  all  died,  and  those  wdao  still 
kept  their  health  only  dared  to  hope  to  live  from  one  evening  to  the  next 
morning.”  In  1167,  Emperor  Frederick  I  failed  to  conquer  Rome.  “Sud¬ 
denly,  such  a  deadly  fever  broke  out  in  his  Army  that,  within  seven  days, 
almost  all  the  princes  who  fought  with  him  against  the  Church  were  un¬ 
expectedly  snatched  away  by  a  miserable  death.”  He  was  forced  to  flee  leav¬ 
ing  uncounted  dead. 

Malaria  was  ever-present  during  the  Siege  of  Mantua  in  1796-97.  Prinz- 
ing  2  states  that  malaria  broke  out  with  great  severity  and  acquired  virulent 
forms  which  played  a  decisive  role  in  the  result. 

A  typical  example  of  the  effect  of  malaria  in  military  campaigns  oc¬ 
curred  among  British  and  French  troops  in  Macedonia  in  1918.  Some  80 
percent  of  120,000  French  troops  were  hospitalized.  Over  25,000  British 
troops  were  invalided  home  with  chronic  malaria,  and  more  than  2  million 

1  Celli,  Angelo ;  The  History  of  Malaria  In  the  Roman  Campagna.  London  ;  .Tohn  Bale,  Sons  & 
Danielsson,  Ltd..  1 9.^.1. 

2  Prinzlng,  Friedrich  :  Epidemics  Resulting  From  Wars.  Oxford  :  At  The  Clarendon  Press.  1916. 
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man-days  were  lost  in  the  British  Macedonian  Ai’iny  during  1918  because  of 
malaria.^ 

Malaria  also  has  been  a  problem  to  the  U.S.  Army.  Thei-e  are  no  avail¬ 
able  statistics  on  malaria  prior  to  1818,  but  we  know  it  was  prevalent  before 
then.  “As  early  as  1776  the  Continental  Congress  ordered  the  Medical  Com¬ 
mittee  to  forward  .‘100  pounds  of  Peruvian  bark  to  the  Southern  Department 
for  the  use  of  troops.”  ■* 

During  the  War  Between  the  States,  one-half  of  the  white  troops  and 
four-fifths  of  the  Negro  tix)ops  in  the  Northern  Armies  contracted  malaria 
annually.  There  were  10,063  deaths  due  to  malaria.  In  addition,  more  than 
1,000  Confederate  troops  died  of  malaria  in  Northern  prisons.  The  inci¬ 
dence  of  malaria  during  the  U.S.  Civil  War,  in  Northern  troops,  per  1.000 
per  annum,  is  shown  in  the  following  tabulation:  ® 


n’/ii/e 

Xcoro 

f'incal  f/ear 

troop* 

troop* 

18C1-C2  .  .  -  -  _ _  -  -  -  -  - 

390.7 

(») 

1862-C3  .  -  -  .  _  -  -  .  -  -  .  -  --  - 

_  428.3 

(‘) 

18G:I-C4  .  .  -  _  -  -  -  .  _  -  .  - 

.  535.9 

811.0 

18G4-(55  .  _  .  -  --  _ _  . 

.  .  490.0 

703.2 

1865-C6  _ _ _  -  -  -  -  -  - 

-  829.5 

920.0 

1  No  Negro  troop  strength. 


During  the  Spanish- American  War,  there  were  90,461  admissions  for 
malaria  during  the  calendar  year  1898,  with  349  deaths.  The  annual  admis¬ 
sion  rate  was  611.78  per  1,000.  A  rate  of  1,924.78  per  1,000  per  annum  oc¬ 
curred  in  Cuba  with  a  mortality  rate  of  14.02  per  1,000  per  annum.®  Theo¬ 
dore  Roosevelt  stated  that  malaria  was  the  chief  enemy  in  Cuba.  Every  offi¬ 
cer  in  his  regiment,  except  himself,  was  down  at  one  time  or  another  with 
malarial  fever.  “Though  the  percentage  actually  on  the  sicklist  never  got 
above  twenty,  there  were  less  than  fifty  percent  who  were  fit  for  any  kind 
of  work.” 

In  the  First  World  War,  from  1  April  1917  to  31  December  1919,  there 
were  15,555  admissions  for  malaria,  36  deaths,  28  discharges  for  disability, 
and  194,529  man-days  lost.  Most  of  the  malaria  occurred  among  troops  en- 
araffed  in  training  in  facilities  located  in  endemic  malarious  areas  in  the 

o  o  o 

United  States.  Only  950  admissions  for  malaria  occurred  in  Europe.® 

Wenjon,  C.  M.,  Aiulersoii,  A.  G.,  McLay.  K.,  Helo,  T.  S.,  and  Waterston,  J. ;  Malaria  In 
Macedonia.  1015-1919.  .T.  Roy.  Army  M.  Corps  37  :  81-lOS.  August  1921. 

■*  Blanton,  W.  B. :  Jledicine  in  Virginia  in  the  Eighteenth  Century.  Richmond,  Va. :  W.  Byrd 
Press,  1931. 

5  Medical  and  Surgical  History  ot  the  War  of  the  Rebellion.  Medical  History.  Washington  : 
Government  Printing  Office,  1888,  pt.  Ill,  vol.  I. 

6  Annual  Report  of  The  Surgeon  General,  U.S.  Army.  Washington  :  Government  Printing  Office, 
fiscal  year,  1900. 

t  Major,  Ralph  H.  :  Fatal  Partners:  War  and  Disease.  Garden  City,  N.Y. :  Doubleday,  Doran 
&  Co.,  Inc.,  1941.  I*.  19.5. 

8  The  Medical  Department  of  the  United  States  Army  in  the  World  War.  Washington  :  U.S. 
Government  Printing  Office,  1928,  vol.  IX,  p.  512, 
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The  incidence  of  malaria  among  U.S.  troops  was  of  little  significance 
following  World  War  I,  occurring  chiefly  among  troops  stationed  in  Pan¬ 
ama,  Puerto  Rico,  and  the  Philippine  Islands.  The  incidence  for  the  entire 
Army  during  1941  was  4.74  per  1,000  per  annum. 


WORLD  WAR  II 


The  disease  became,  however,  a  problem  of  serious  importance  during 
World  War  II,  when  U.S.  Army  troops  campaigned  in  highly  malarious 
areas  in  many  parts  of  the  world.  Never  before  had  the  Medical  Depart¬ 
ment  been  called  upon  to  combat  a  problem  of  such  magnitude.  It  is  indeed 
a  tribute  to  the  preventive  measures  adopted  that  the  menace  of  malaria  did 
not  more  seriously  interfere  with  military  operations.  However,  these  sani¬ 
tary  measures  Avere  not  immediately  available  to  combat  troops  in  such  areas 
as  Guadalcanal,  New  Guinea,  China,  Burma,  India,  North  Africa,  Sicily, 
Italy,  and  elsewhere.  Accordingly,  malaria  exacted  its  toll  in  morbidity  and 
man-days  lost. 

Malaria  assumed  a  dominant  role  in  many  Pacific  areas — Green  Island, 
Emirau,  Bougainville,  Vella  Lavella,  Suaba,  Efate,  Espiritu  Santo,  Guadal¬ 
canal,  Tulagi-Florida,  Russell  Islands,  Munda,  and  the  Treasury  Islands-— 
seriously  depleting  combat  effectiveness  and  increasing  the  workload  of  the 
Medical  Department.  This  was  best  illustrated  in  Guadalcanal  where  there 
were  10,206  primary  cases  of  malaria  among  U.S.  Army  troops  during  March- 
December  1943 :  ® 


19iS  1 

March  - 

April - 

May  _ 

June  - 

July  - 

August  - 

September - 

October  _ 

November  - 

December  - 

Total  - 


Number  of 
primary  cases 
845 
--  3,374 
--  1,926 
—  1,117 
1,123 
608 
566 
315 
177 
155 

__  10,206 


1  Data  are  not  available  for  primary  cases  occurring  in  January  and  February. 


The  1st  Marine  Division  ceased  to  be  an  effective  combat  unit  for  many 
months  owing  to  the  hospitalization  for  malaria  of  approximately  80  percent 
of  the  command.^®  Four  out  of  five  units  had  to  be  removed  from  combat 
for  rehabilitation.  The  Americal  Division  was  transferred  from  New  Cale- 

9  Essential  Technical  Medical  Data,  South  Pacific  Base  Command,  for  March  1945.  Inclosure 
13-4,  unnumbered  table  entitled  "Primary  Cases  of  Malaria,  Army,  Guadalcanal,  1942-44.” 

10  Essential  Technical  Medical  Data,  Southwest  Pacific  Area,  for  January  1944. 
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donia  to  Guadalcanal  during  November  and  December  1942.  Owing  to  the 
e.xigencies  of  combat  and  failure  to  appreciate  the  problem,  few,  if  any,  anti- 
malarial  measures  were  taken.  The  number  of  cases  of  malaria  rapidly  in¬ 
creased,  weekly  rates  as  high  as  2,500  per  1,000  per  annum  being  reported. 
The  division  had  to  be  transferred  to  Fiji  in  March  1943  for  rehabilitation. 
Mass  therapy  of  the  division  was  undertaken  between  April  and  June,  when 
all  medication  was  di.scontinue<l.  The  hospitalization  rate  promptly  rose  to 
4,220  in  August.  It  was  still  2,948  in  late  Octol)er  when  suppressive  therapy 
with  Atabrine  (quinacrine  hydrochloride)  was  reinstituted,  with  a  consequent 
drop  to  SO  by  late  December  1943.*^ 

The  25th  Infantry  Division  engaged  in  combat  on  Guadalcanal  in  Janu¬ 
ary  1943.  This  di\  ision  also  failed  to  take  proper  antimalarial  measures.  As 
a  conseipience,  the  malaria  rate  rose  to  2,385  per  1,000  jjer  annum  during  the 
last  week  of  April.  This  division  was  transferred  to  New  Zealand  in  De¬ 
cember  1943  for  rehabilitation,  and  thence  to  New  Caledonia  in  February 
1944  for  reorganization.  It  is  estimated  that  approximately  46  percent  of 
the  division  had  one  or  more  attacks  of  malaria  during  1943. 

The  43d  Infantry  Division  entered  Guadalcanal  in  March  1943  and  sub¬ 
sequently  participated  in  the  Russell  Islands  and  New  Georgia  campaigns. 
This  division  required  rehabilitation  in  New  Zealand  during  February  and 
March  1944.  In  order  to  determine  the  amount  of  seeding  in  the  division,  a 
small  control  group  was  taken  off  Atabrine.  The  malaria  rate  for  this  group 
rose  to  2,000  per  1,000  per  annum;  whereas  the  rate  for  the  remainder  of  the 
division,  which  continued  on  Atabrine  suppre.ssion,  did  not  exceed  236  per 
1,0()()  per  annum. 

Malaria  was  a  great  problem  in  the  Southwest  Pacific  Area,  47,663  at¬ 
tacks  occurring  during  1943  alone.  Sixty-seven  percent  of  the  32d  Infantry 
Division  had  malaria  during  the  10-month  period  following  their  withdrawal 
from  New  Guinea.  The  etfectiveness  of  malarial  control  was  demonstrated 
in  the  Milne  Bay  area  of  New  Guinea  where  the  rate  was  3,308  in  January 
1943.  Following  the  institution  of  control  measures,  the  rate  dropped  to  100 
by  May  and  to  only  30.72  by  January  1944.^- 

There  were  9,160  cases  of  malaria  in  the  China-Burma-India  theater  dur¬ 
ing  1943,  with  nearly  115,000  man-days  lost.  Of  the  first  2,400  patients  ad¬ 
mitted  to  the  20th  General  Hospital,  located  near  Ledo  in  Assam,  73  percent 
had  miliaria.  At  one  time,  55  percent  of  the  beds  were  occupied  by  patients 
with  malaria,'^  The  effect  on  troops  of  exposure  to  the  endemic  disease  is 
illustrated  by  92  men  of  the  900th  Airborne  Engineer  Company  who  trav¬ 
eled  from  I.«do  to  Tagap.  En  route,  54  were  hospitalized  with  malaria;  out 


11  EHsential  Technical  Medical  Data,  South  Paclflc  Area,  for  .Vprll  1944. 

12  EfiRcntlal  Technical  Medical  Data,  Southwest  Pacific  Area,  for  May  1944. 

13  Essential  Technical  Medical  Data,  China-Burma-India  Theater,  for  August  1943. 
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of  the  38  who  reached  Tagap,  2U  had  malaria  on  arrival.^*  An  epidemic  of 
malaria  occurred  at  the  1306th  Air  Force  Base  Unit,  Air  Transport  Com¬ 
mand,  located  in  Karachi,  India,  in  1944.  There  were  no  cases  during  Au¬ 
gust,  but  the  rate  rose  rapidly  to  1,202.3  per  1,000  per  annum  during  the 
first  2  weeks  of  October.  The  rate  dropped  to  148  during  the  first  2  weeks 
of  November  following  the  institution  of  malaria  control  methods.^® 

Malaria  was  a  serious  problem  to  North  African  theater  forces.  It  was 
prevalent  in  the  areas  of  Rabat  and  Port  Lyautey  in  Morocco,  the  Constan¬ 
tine  area  in  Algeria,  the  Tunis-Bizerte-Ferryville  area  in  Tunisia,  Catania 
in  Sicily,  Corsica,  Sardinia,  Salerno,  Paestum,  and  the  Pontine  Marshes  in 
Italy.  There  were  69,000  cases  during  1943-44  with  944,000  man-days  lost. 
One  and  two-tenths  percent  of  patients  with  malaria  were  evacuated  to  the 
United  States.^®  During  the  Sicilian  campaign,  the  Seventh  U.S.  and  British 
Eighth  Armies  lost,  from  malaria  alone,  the  equivalent  of  the  fighting  effec¬ 
tiveness  of  two  infantry  divisions.  In  fact,  there  were  more  losses  due  to 
malaria  than  there  were  battle  casualties;  the  Seventh  U.S.  Army  reported 
9,892  cases  of  malaria  and  8,375  battle  casualties  and  the  British  Eighth 
Army  reported  11,590  and  approximately  9,000,  respectively.” 

It  is  interesting  to  note  that  nearly  all  of  the  total  malaria  cases  (32,796) 
in  the  European  theater  were  imported  by  troops  who  had  originally  served 
in  the  North  African  theater.  There  were  4,806  cases  of  malaria  among  U.S. 
troops  stationed  in  England  before  D-day  1944. 

Altogether,  during  the  period  1942-45,  there  were  492,299  cases  of  ma¬ 
laria,  410,727  of  these  occurring  overseas;  the  total  attack  rate  per  1,000 
average  strength  per  annum  was  19.43  and  was  highest  during  1943  and  1944 
(table  53).  Data  on  the  noneffective  rates  for  malaria  are  not  presently 
available,  but  from  8  to  9  million  man-days  were  estimated  to  have  been  lost 
because  of  malaria  during  1942-45,  at  an  average  daily  noneffective  rate  of  1 
per  1,000  average  strength;  the  estimated  rate  based  on  the  average  duration 
multiplied  by  the  number  of  admissions  and  readmissions  is  0.94. 

Of  the  492,299  cases  of  primary  malaria  occurring  during  1942-45  with 
a  rate  of  19.43  per  1,000  average  strength  (table  54),  the  greatest  number  of 
cases  occurred  in  the  Southwest  Pacific  followed  by  the  Central  and  South 
Pacific,  the  Mediterranean,  and  China-Bnrma-India  theaters.  The  highest 
incidence  rate,  98.46,  occurred  in  the  China-Burma- India  theater. 


!■*  Recorded  IntcrvlfT^.  Office  of  the  Surgeon  General.  20  Apr.  1944,  subject :  Report  of  Medical 
Department  Activities  in  China-Burma-India  by  Maj.  John  H.  Grindlay,  MC,  Chief,  Surgical  Service, 
20th  General  Hospital,  India. 

13  Annual  Report,  Surgeon,  India-China  Division  Air  Transport  Command,  1944. 

IS  Golz,  Harold  H. :  Human  Malaria  in  the  North  African  and  Mediterranean  Theaters  of  Oper¬ 
ations.  U.S.  Army.  [Official  record  ] 

”  Essential  Technical  Medical  Data.  North  African  Theater  of  Operations,  U.S.  Army,  for 
October  1943. 
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Table  r>3.  Total  attack  rate'  for  malaria  in  the  l\S.  Army,  by  area,*  type  of  plasmodium, 

and  year,  19.i2-4i> 

[I’n-liminiu-y  dutu  bust'd  on  aomple  tabulations  of  individual  nirdii'ul  rt-vortls) 


I  Kate  expri'sst'd  us  nunilM^r  of  coses  [ler  iuinum  is>r  averttse  strenKth] 


HMJ 

45 

1912 

1913 

1914 

l!M.5 

'I'viN'  of  Plasmodium 

— 

— 

' 

- - ~ 

■ - - 

.S'umber 

Uah> 

N'limlicr 

Kate 

N’limlier 

Kate 

N’limlier 

Kate 

Number 

Kate 

of  fasi*s 

of 

of  i 

t>f  nisi‘S 

of  i*as<*s 

('ontineiitul  I'nited  States 

Virax  (terttiui)  miUaria. . .  . 

74. 197 

5.92 

1,387 

0.62 

4.625 

0.89 

■27.045 

6. 81 

41,140 

13.80 

Falciitantm  (estivo-autumnul) 

muliuia .  - . . 

"III 

.05 

186 

.07 

245 

.05 

175 

.04 

155 

.05 

MaiiU-ia,  mixed  tyiK'. . . 

■-•48 

.92 

•23 

.01 

■20 

.00 

130 

.03 

75 

.03 

Malariae  ((|uartan)  malaria 

•JIM 

.(rj 

34 

.01 

45 

.01 

120 

.(» 

9.5 

.03 

Malaria,  uncliLssifled  and  other. 

41 

427 

.  ir> 

1.300 

.■25 

2,0.55 

■j.  ■-•oo 

.77 

Total. 

81.57-i 

5.51 

•2,057 

0.77 

6,235 

1.20 

■-■0, 525 

7.43 

43,755 

14.68 

Ovcrsr'os 

I’iror  itertlan)  malaria..  . 

■J67. 079 

•25.33 

10,048 

17.15 

87,  SWi 

51. 00 

192, 705 

26.90 

66,670 

14.98 

Falciparum  (eslivo-autuinnal) 

malaria . . . . 

50,519 

4.79 

4,295 

7.33 

28,064 

16.  t!2 

12, 750 

3.34 

5, 420 

1.‘.’2 

Malaria,  mixed  type . . 

3, 196 

.30 

103 

.33 

1,173 

.69 

1,920 

.27 

810 

.18 

Malariae  (quiwton)  malaria. .  .  . 

1,.183 

.  15 

88 

.15 

640 

.38 

680 

.18 

175 

.<M 

Malaria,  unclassified  and  other.  . 

88.350 

8.38 

6.686 

11. 24 

51,169 

30.32 

21.415 

5.61 

9.180 

2.06 

Total . 

410,r.>7 

3a  96 

21, -210 

36.20 

168, 632 

99.91 

138.630 

36.30 

82. '255 

18.48 

Total  Army 

Vicai  (tertliui)  malaria . 

341,  •J76 

13.47 

11,435 

3.53 

92, '221 

13. 42 

1-29. 810 

16.66 

107,810 

14.51 

Falciparum  (e.stlvo-nutumnal) 

malaria .  .  . 

51,280 

2.02 

4,481 

1.38 

28,209 

4. 12 

12, 925 

1.60 

5,575 

.75 

Malaria,  mixed  type . 

3, 444 

.14 

216 

.07 

1,193 

.17 

1,150 

.15 

8a5 

.12 

Malariae  (quartan)  malaria . 

1,877 

.07 

122 

.04 

685 

.10 

800 

.10 

27e 

.04 

Malaria,  unclussiflerl  and  other... 

94. 4-.>2 

3.73 

7,013 

2.16 

52.469 

7.64 

23,470 

3.01 

11,470 

1.54 

Total .  . 

49-2,299 

19.43 

23,287 

7.18 

174,867 

25. 45 

168, 155 

21.58 

1-26,010 

16.95 

<  Includes  admissions  for  the  first  time  for  malaria,  readmissions,  and  admissions  for  other  causes,  but  in  which  malaria 
existed  concurrently  or  developed  subsetpii'iiih . 

>  Area  of  admission  to  medical  treatment ,  but  not  necessarily  the  area  in  which  the  diseasi'  was  acquiretl. 


TYPES  OF  MALARIA 

Malaria  due  to  Pldsmodium  vivax,,  Plasmodium  falciparum,,  and  Plas- 
modium  malariae  occurred  in  all  theaters.  Malaria  caused  by  P.  vivax  had 
the  highest  incidence  rates  in  the  China-Burma-India  theater,  the  Southwest 
Pacific  and  the  Central  and  South  Pacific  Areas.  The  majority  of  the  cases 
in  the  United  States  were  of  this  type.  The  highest  incidence  rates  due  to 
P.  falciparum  occurred  in  the  Middle  East  and  the  China-Burma-India  the- 
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Table  54. — Attack  rates  '  of  malaria,  all  forms  in  the  U.S.  Army,  by  area  and  year,  1942-45 
[Preliminary  data  based  on  sample  tabulations  of  individuai  medical  records] 


[Rate  expressed  as  number  of  rases  per  annum  per  1,000  averatre  strenKth] 


1942-15 

1942 

1943 

1944 

1945 

.Area  • 

Number 
of  casi's 

Rate 

Number 
of  cases 

Rate 

Number 
of  cases 

Rato 

Number 
of  cases 

Rate 

Number 
of  cases 

Rate 

Continental  I’nited  States... 

81.572 

5.51 

2,057 

o.n 

6.235 

1.20 

29.525 

7.  43 

43. 7.5.-, 

14.93 

Overseas; 

Euro|H' . 

32.796 

7. 81 

69 

0.83 

662 

2.48 

17,585 

10.49 

14,480 

6. 66 

Mediterranean  •_ 

80.532 

52.60 

735 

32.06 

33.232 

72.76 

38.830 

59.78 

7,735 

19.25 

.Middle  Ea.st _ 

10.  715 

80.53 

746 

123.39 

6.669 

125.73 

2.900 

62.75 

400 

14. 41 

China- Burma-  India. 

44. 052 

98.46 

1. 077 

123.14 

9, 160 

231.21 

26.265 

155.68 

7,550 

32  78 

South wc.st  Paeifle... 

124, 109 

78.25 

4.451 

62.49 

47.663 

250.98 

33, 475 

62  08 

38,520 

49.03 

Central  and  South  Paeifie. 

95,828 

66.53 

2.934 

19.44 

65.489 

224.62 

17,275 

39.38 

10,130 

18.12 

North  .America  •-  . 

200 

.41 

71 

.71 

89 

.46 

25 

.19 

15 

.22 

Latin  .America. . 

17. 891 

47.05 

11,042 

108.34 

4,874 

40. 34 

1,245 

14.  51 

730 

’0.19 

Total  overseas  •.  _  . 

410.  727 

38.96 

21,210 

36.20 

168.632 

99.91 

138.630 

36.30 

82,255 

18.48 

Total  .Array.  .  . 

492,299 

19.43 

23,267 

7. 18 

174,867 

25. 45 

168, 1.55 

21.58 

126.010 

16.95 

'  Consists  of  new  admissions  and  readmiasions  for  malaria  as  well  a«  admissions  for  other  causes,  but  in  which  malaria 
existed  concurrently  or  developed  subsequently. 

•  Area  of  admission  to  medical  treatment,  but  not  necessarily  the  area  in  which  the  disease  was  acquired. 

•  Includes  North  Africa. 

t  Includes  .Alaska  and  Iceland. 

•  Includes  cases  on  board  transports. 


ater.  Ninety-seven  percent  of  malaria  acquired  in  Liberia  was  due  to  P. 
ialci'parum}^  P.  maZaiiae  was  found  chiefly  in  the  Mediterranean,  the  South- 
cst  Pacific,  China-Burma-India,  and  the  Central  and  South  Pacific  Areas. 
The  incidence  rate  jf  clinical  P.  vmlariae  infections  without  classification 
was  highest  in  China-Burma-India,  the  Southwest  Pacific  and  the  Central 
and  South  Pacific  Areas. 

P.  vivax  was  the  etiological  agent  in  341,276  cases;  P.  falciparum,  in 
51,280;  P.  malaruie,  in  1,877;  and  there  were  3,444  cases  with  mixed  type 
infections,  or  a  total  of  about  397,000  in  which  plasmodia  were  identified. 
The  remaining  94,442  cases  were  unclassified,  the  diagnosis  being  made  on 
clinical  signs  and  symptoms  without  microscopic  verification.  (See  tables  55, 
56, 57, 58,  and  59.) 


RELAPSE  IN  MALARIA 

There  ai’e  no  accurate  statistical  data  available  on  relapse  rates.  How¬ 
ever,  it  is  well  known  that  malaria  ascribed  to  P.  vivax  was  prone  to  relapse 
under  the  therapeutic  regimens  in  use  during  World  War  II.  The  relapse 
rate  of  malaria  due  to  P.  falciparum  was  markedly  lower  than  that  caused 
by  P.  vivax,  although  a  significant  number  did  relapse. 


IS  Annual  Report,  U.S.  Army  Forces  In  Liberia,  1943. 


456 


INFECTIOUS  UISKASKS 


Table  55  —  .WlocA:  rates  ^  of  vivax  (tertian)  malaria,  in  the  U.S.  Army,  by  area  and  yeai. 


(Preliuilnary  data  based  on  sample  tabulations  of  individual  medical  nTords] 
[Kate  expressed  as  iiumlaT  of  cases  |M‘r  annum  |)er  t.fitlU  average  strirngth) 


1042-45 

m2 

1943 

1944 

1945 

Area  > 

Number 
of  cases 

Rate 

Number 
of  cases 

Rate 

Number 
of  ca-ses 

Rate 

Number 
of  cases 

Rate 

Number 
of  ca-ses 

Kale 

Continental  United  States.... 

74. 197 

5.02 

1.387 

0.52 

4. 625 

0.89 

27.045 

6.81 

A\.  140 

13.80 

Overseas: 

Kuro|ic . . 

26.011 

6. 19 

42 

0.51 

290 

1. 12 

14.060 

8.39 

11.610 

5.34 

.Mediterranean  ‘ . 

55.486 

36.24 

371 

16. 18 

15.  818 

34.63 

32.  310 

49.74 

6,990 

17.39 

Middle  East . 

2.349 

17.65 

95 

15.71 

934 

17.61 

1. 125 

24.34 

195 

7.03 

China- Kurina-India _ 

26.122 

58.38 

412 

47. 11 

4.010 

101.22 

15.335 

6.365 

27.63 

Southwest  Pacific . 

83.076 

5Z38 

884 

12.41 

27.902 

146.92 

24,215 

44.91 

30.075 

38.28 

Central  and  South  Pacific. 

58.600 

40.69 

499 

3.31 

34,866 

119.  59 

14,260 

32.52 

8,975 

16.  OS 

North  America  * . 

119 

.24 

48 

.48 

36 

.10 

20 

.  15 

15 

.22 

Latin  America . 

12.657 

33.29 

7,672 

75.27 

3,430 

28.39 

990 

11.54 

565 

7.88 

Total  overs»>as  > . 

267.079 

10.048 

17.15 

87.  .596 

51.90 

102. 765 

26.90 

14.98 

Total  Army . 

341.276 

13.47 

11.435 

3.53 

92. 221 

13.42 

129, 810 

16.66 

107, 810 

14.51 

>  Consists  of  new  admissions  and  reodmissions  for  malaria  as  well  as  admissions  for  other  causes,  but  in  a  hich  malaria 
existed  concurrently  or  dcvelof)ed  subsequently. 

*.\rea  of  admiaslon  to  medical  treatment,  but  not  necessarily  the  area  in  which  the  disease  was  acquired. 

>  Includes  North  Africa. 

•  Includes  Alaska  and  Iceland. 

’  Includes  cases  on  board  transports. 

Table  56. — Attack  rates  '  of  falciparum  (estivo-autumnal)  malaria  in  the  U.S.  Army,  by  area 

and  year,  1942-4o 


[1‘reliminiu'y  data  based  on  siunpie  tabulations  of  individual  medical  records) 
[Kate  expresse<l  iks  number  of  cases  per  annum  per  1.000  average  strength) 


i 

.4rea  ’ 

IiM2-45 

j 

1942 

1 

1943 

'  1944 

194.5 

.Number 
of  cjvses 

1  Rate 

i 

Number 
of  cases 

Rate 

Numla-r 
of  cases 

1 

Kate 

)  ■ 

i  Number;  Kate 
j  of  ciscs  j 

Numht'r 
of  cases 

!  Rate 

! 

Continental  United  States . 

761 

0.05 

1  186 

0.07 

245 

0.05 

1  175 

1  0.04 

155 

0.05 

Overseas; 

1 

1 

1 

Europe . 

391 

0.09 

5 

0.06 

176 

0.66 

135 

0.08 

75 

0.03 

Mediterranesm  • . . 

7, 446 

4.86 

144 

6.28 

6.257 

13.70 

965 

1.49 

80 

.20 

MUhlle  East . 

7.502 

56.38 

568 

93.95 

5. ’299 

99.90 

1,515 

32.78 

1'20 

4.32 

China-Burma-India . . 

8.265 

18. 47 

280 

32.01 

2. 265 

57. 17 

5,250 

31. 12 

470 

2.02 

South we.st  Pacific . . 

13. 624 

;  8.59 

233  1 

3.27 

5. 166 

27.20 

3.945 

7.32 

4,280 

5.45 

Central  and  South  Pacific-... 

8.756 

0.08 

248 

1.64 

7.628 

•26. 16 

730 

1.66 

150 

.27 

North  America  _ _ 

29 

.06 

5 

.05 

24 

•  ^2 

! 

0 

0 

Latin  America . 

4.326 

11.38 

2.803 

27.60 

1,173 

1  9.71 

200 

2.33 

LIO 

2.09 

Total  overseas  > . 

50. 519 

4.79 

4.295 

7.33 

28.054 

16.62 

12,750 

3.34 

5,420 

1.22 

Total  Army . 

51.280 

2.02 

4.481 

1.38 

28.290 

4.12 

12.925 

1.66 

5,575 

0.75 

■  Consists  of  new  admissions  and  reodmi.ssions  for  malaria  as  well  as  admissions  for  other  causes,  but  in  which  maiarla 
existed  concurrently  or  developed  subsequently. 

>  Area  of  admission  to  medical  treatment,  but  not  necessarily  the  area  in  which  tlie  disease  was  acquired. 

» Includes  North  Africa. 

<  Includes  Alaska  and  Iceland. 

’  Includes  cases  on  board  transports. 
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Table  57. — Attack  rates  ‘  of  iiialariae  (quartan)  malaria,  in  the  I  '.S.  Army,  by  area  and  year, 

1942-45 


[Preliminary  data  based  on  sample  tabalatimis  of  individual  medical  records] 
[Rate  expressed  as  number  of  cases  per  annum  per  1,000  average  strength] 


.Area  • 

1942-4S 

1942 

1943 

1944 

1945 

Number 
of  cases 

Rate 

Number 
of  cases 

Rate 

Number 
of  cases 

Rate 

Number 

ofcases 

1  Rate 

Number 
Oi  cases 

Rate 

Continental  United  States . 

294 

0.02 

34 

0.01 

45 

m 

120 

95 

Overseas: 

1 

i  " 

Europe . 

192 

0.05 

1 

0.01 

21 

0.06 

140 

0.08 

30 

0.01 

Mediterrane.m  > . 

473 

.31 

3 

.13 

330 

.72 

135 

i 

5 

.01 

Middle  East _ _ 

1-25 

.94 

3 

.50 

32 

.60  1 

90  1 

1  1.96 

0 

China-Burma-India . . 

241 

.54 

9 

1.03 

77 

1.94 

145 

.86 

10 

.04 

Southwest  PaciOc . i 

274 

.17 

4 

.06 

60 

.32 

115 

.21 

95 

.12 

Central  and  South  Pacific.. 

146 

.10 

7 

.05 

84 

.29 

45 

.10 

10 

.02 

North  America . . 

.00 

0 

i  .02 

0 

0  ! 

1 

0 

Latin  America . 

102 

i  07 

1 

59 

.58 

33 

.27 

5 

1 

.06 

1  * 

5 

.07 

Total  overseas  •' . 

1,583 

j  0.15 

88 

t  0.15 

1 

640  j 

0.38 

I 

0.18 

175 

0.04 

Total  Army _ 

1,877 

0.07 

122 

685 

m 

0.10 

270 

0.04 

<  Consists  of  new  admissions  and  readmissions  (or  malaria  as  well  as  admissions  for  other  causes,  but  in  which  malaria 
existed  concurrently  or  developed  subsequently. 

>  .\rca  of  admission  to  medical  treatment,  but  not  necessarily  the  area  in  which  the  disease  was  acquired. 

*  Includes  Xorth  Africa, 

*  Includes  .Alaska  and  Iceland. 

*  Includes  cases  on  board  transports. 

Table  58. — Attack  rates  ‘  of  malaria,  mixed  type,  in  the  U.S.  Army,  by  area  and  year,  1942-45 


[Preliminary  data  based  on  sample  tabulations  of  individual  medical  records] 
[Rate  expressed  as  number  of  cases  per  annum  per  1,000  average  strength] 


Area  ’ 

1942-45 

1942 

1943 

1944 

1945 

Number 
of  cases 

Rate 

Rate 

i 

Numbe’- 

ofcases 

Rate 

Number 

ofcases 

Rate 

i 

Number 

ofcases 

Rate 

Continental  United  States . 

248 

0.02 

23 

0.01 

20 

0.00 

130 

75 

0.03 

Overseas: 

i 

Europe . . 

67 

0.02 

1 

0.01 

6 

0.02 

40 

0.02 

20 

0.01 

Mediterranean  > . 

540 

,35 

2 

.09 

213 

.47 

250 

.38  1 

75 

.19 

Middle  East . 

67 

.50 

4 

.66 

18 

.34 

25 

.54 

20 

.72 

China-Burma-India . 

427 

.95 

20 

2.29 

112 

2.83 

225 

1.33 

70 

.30 

Southwest  Pacific . 

1, 168 

.74 

26 

.37 

267 

1.41 

315 

.58 

560 

.71 

Central  and  South  Pacific.... 

724 

I  .50 

13 

.09 

521 

1.79 

150 

.34 

40 

.07 

North  America  _ 

1 

.00 

0 

1 

.01 

0 

0 

Latin  America _ _ _ 

161 

.42 

127 

1.25 

29 

.24 

5 

.06 

j . 

0 

Total  overseas  * . 

3,196 

0.30 

193 

0.33 

1,173 

0.69 

1,020 

0.27 

810 

0.18 

Total  Army . . . . 

3,444 

m 

216 

B 

1, 193 

0.17 

! 

1,150 

0.15 

885 

0.12 

>  Consists  of  new  admissions  and  readmissions  for  malaria  as  well  as  admissions  (or  other  causes,  but  in  which  malaria 
existed  concurrently  or  developed  subsequently. 

*  Area  of  admission  to  medical  treatment,  but  not  necessarily  the  area  in  which  the  disease  was  acquired. 

*  Includes  North  Africa. 

*  Includes  Alaska  and  Iceland. 

*  Includes  cases  on  board  transports. 

639243^—63 - 33 
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Table  59. — Attack  rates  ^  of  malaria,  unclassified  and  other, ‘  in  the  U.S.  Army,  by  area  and 

year,  19^2-45 

(Preliminary  data  based  on  sample  tabulations  of  individual  medical  records] 


[Rate  expressed  as  number  of  cases  per  annum  per  1,000  average  strength] 


1 

! 

.\rea  i  i 

1942-45  1 

1942 

1943 

1944 

1945 

i 

1  1 

Number! 
1  of  cases 

Rate 

j  1 

Numberj 
!  of  cases 

Rate 

Number 
of  cases 

Rale 

Number 
of  cases 

! 

j  Rate 

j 

Number! 
of  cases 

1 

Rate 

Continental  United  States . 

6.072  ' 

1  -! 

0.41 

1 

427  i 

0.16 

1,300 

0.25 

2,055 

0.52  ' 

1 

2. ‘290 

0.77 

Overseas: 

1  "I- 

! 

i 

i 

1 

Europe.  . . . . 

6. 135 

1.46 

1  20  j 

0.24 

i  160 

0.60 

3,210 

1.92 

2.745 

1.26 

Mediterranean  . 

16,564 

10.83 

215 

9,38 

j  10. 614 

23.24 

5. 170 

9.96 

:  585 

I  1.46 

.Middle  East _ _ 

672 

5.05 

76  ! 

12.57 

1  386 

7.28 

145 

;  3.14 

1  85 

2.34 

China-Burma-India .  . 

8.997 

20.11 

356  ; 

40.70 

i  2,696 

68.05 

5. 310 

31.47 

635 

2.76 

Southwest  Pacific . 

25, 967 

16.37 

3.304  j 

46.38 

14,268 

75. 13 

4,885 

9.06 

3.510 

1  4.47 

Central  and  South  Pacific  . . . 

27,602 

19. 16 

i  2,167; 

14.35 

•22,390 

76.79 

2,090 

4.76 

955 

1  1.71 

49 

.10 

16  * 

.  16  1 

28 

!  .14  1 

6  : 

.04 

0 

Latin  America . . 

615 

i  1.70 

381  1 

1 

3.74 

209 

1.73 

45 

.52 

10 

.14 

Total  overseas  “ . 

88,350 

8.38 

1 

6,586  { 

11.24 

1 

51. 169 

30.32 

21.415 

1  5.61 

9.180 

!  2.06 

Total  Army . 

1  94, 422 

i 

1  3.73 

1 

1 

7.013  1 

i  1 

2. 16 

52.469  1 

7.64 

1 

23,470 

3.01 

11.470 

1.54 

! 

1  Consists  of  new  admissions  and  readmissions  for  malaria  as  well  as  admissions  for  other  causes,  but  in  which  malaria 
existed  concurrently  or  developed  subsequently. 

»  Other  than  rinax.  faleiparum,  malariae,  and  mixed  type. 

*  Area  of  admission  to  medical  treatment,  but  not  necessarily  the  ares  iu  which  the  disease  was  acquired. 

« Includes  North  Africa. 

<  Includes  Alaska  and  Iceland. 

*  Includes  coses  on  board  transports. 


The  problem  of  relapses  can  best  be  illustrated  by  citing  the  experience 
in  several  areas.  Approximately  30  percent  of  the  troops  of  the  43d,  37th, 
25th,  and  Americal  Divisions  had  over  four  attacks  of  malaria  by  June 
1944.^®  Twenty  percent  of  these  relapses  occurred  within  2  months  of  the 
primary  attack.  The  overall  relapse  rate  in  the  China-Burma-India  theater 
was  estimated  at  25  percent  for  vivax  infections.^  The  26th  Field  Hospital 
reported  that  approximately  60  percent  of  the  malaria  admissions  were  re¬ 
currences.  Some  of  these  patients  had  had  8,  10,  and  14  previous  attacks  of 
malaria.®^  Forty  percent  of  11,343  cases  of  malaria  studied  in  the  Mediter¬ 
ranean  theater  from  1  January  to  1  December  1944  were  recurrent  cases. 
The  relapse  rate  in  this  theater  was  estimated  to  be  from  50  to  55  percent.®^ 
In  the  Southwest  Pacific  Area,  392  cases  of  primary  malaria  were  studied. 


19  Report,  Capt.  James  E.  T.  Hopkins.  MC,  Surgeon,  3d  Battalion  Medical  Detachment,  5307tb 
Composite  Unit  (Provisional),  22  June  1944,  subject;  Preliminary  Report  of  Physical  and  Mental 
Condition  of  Men  and  Officers  of  the  3d  Battalion  With  Recommendations. 

20  Essential  Technical  Medical  Data,  China-Burma-India  Theater,  for  June  1944. 

21  Annual  Report,  2Gth  Field  Hospital,  Persian  Gulf  Command,  1944. 

22  See  footnote  16,  p.  4S3. 
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Of  the  total,  153  cases  had  relapses,  the  first  relapse  occurring  on  an  aver¬ 
age  of  50  days  after  the  primary  attack.  In  49  of  the  153  cases,  the  second 
relapse  occurred  on  an  average  of  54  days  after  the  first  relapse.  In  18  of 
the  49  cases,  3  or  more  relapses  each,  occurred:  14  had  3  relapses,  2  had  4 
relapses,  and  the  remaining  2  had  5  relapses.^ 

The  following  tabulation  gives  the  percentage  of  relapses  in  a  group  of 
patients  studied  in  Italy  during  January  1945.^^ 

Number  of 

previous  attacks  Percent 

1  _  39.2 

2  _  21.4 

3  _ 21.4 

4  _  10.7 

5  _  5.3 


Eighteen  hospitals  in  the  Mediterranean  theater  reported  the  number  of 
relapses  experienced  by  3,512  recurrent  cases  of  malaria,  as  follows: 


Number  of  Number 

previous  attacks  of  patients  Percent 

1  _  1,685  48.0 

2  _  777  22.1 

3  _  435  12.4 

4  _  267  7.6 

5  _  138  3.9 

6  _  79  2.2 

7  _  69  2.0 

8  _  31  .9 

9  _  16  .5 

10  -  7  .2 

11  _  8  .2 

Total _ 3,512  100.0 


DURATION  OF  HOSPITALIZATION 

Data  on  the  average  duration  of  hospitalization  for  malaria  in  the  en¬ 
tire  Army  were  available  only  for  the  years  1942,  1943,  and  1945,  at  the 
time  this  analysis  was  made. 

The  average  stay  in  hospital  and  quarters  varied  from  a  low  of  13.6 
days  in  1945  to  a  high  of  22.2  days  in  1943  (table  60).  Malaria  due  to  a 
mixed  type  of  infection  required  a  longer  period  of  hospitalization  than  did 
malaria  due  to  a  single  species  of  Plasmodium.  It  is  perhaps  significant  that 
the  duration  of  hospitalization  for  fever  of  imdetermined  origin  was  much 
less  than  that  due  to  malaria. 


23  Essential  Technical  Medical  Data,  Southwest  Pacific  Area,  for  July  1944. 

2<  Essential  Technical  Medical  Data,  Mediterranean  Theater  of  Operations,  for  February  1945. 
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Tabl£  60. — Average  number  of  days  in  hospital  and  quarters  for  admissions  and  readmissions 
due  to  malaria  and  fever  of  undetermined  origin,  U.S.  Army,  1942,  1943,  and  1945 


[Preliminikry  btis(><l  on  sample  tabulations  of  individual  medical  records] 


Diagnosis  | 

1942 

1943 

1945 

Malaria,  all  forms _ _  -  -  _ .  _ 

16.  6 

22.  2 

13.  6 

Vivax  (tertian)  malaria _ _  .... 

16.  7 

25.  3 

13.  7 

Falciparum  (estivo-autumnal)  malaria.  ..  ..  .  _ 

15.  6 

la  6 

14.  0 

Malariae  (quartan)  malaria  — .  ..  _ _ 

19.  0 

21.  8 

10.  8 

Malaria,  mi.xed  type _  ..  .  _  .. 

22.  5 

61.  1 

16.  6 

Malaria,  unclassi6ed _  _ _  .  ..  _  _ _ 

Fever  of  undetermined  origin .  - - 

16.  8 
8.  1 

17.  9 
7.  5 

11.  5 
6.  9 

DEATHS  DUE  TO  MALARIA 

There  were  302  deaths  due  to  malaria  during  the  period  1942-45  ;  292  of 
these  deaths  occurred  among  oversea  admissions;  of  this  total,  157  deaths 
occurred  in  Pacific  areas:  113  deaths  recorded  for  the  Southwest  Pacific  and 
44  deaths  for  the  Central  and  South  Pacific  Areas,  table  61.  The  annual  rates 
per  100,000  average  strength  were  highest  in  China-Burma-India  followed  by 
the  Middle  East,  Southwest  Pacific,  and  Latin  American  areas.  The  rates 
varied  from  year  to  year,  the  highest,  20.19  per  100,000  average  strength, 
occurring  in  the  China-Burma-India  theater  during  1943. 

The  majority  of  deaths,  125,  and  the  highest  annual  rate  per  100,000 
average  strength,  0.49,  were  due  to  P.  falciparum.  P.  vivax  accounted  for  68 

Table  61. — Deaths  due  to  malaria,  all  forms,'  in  the  U.S.  Army,  by  area  of  admission  and  year 

of  death,  1942-45 


[Preliminary  data  based  on  tabulations  of  individual  medical  records] 
[Rate  expressed  as  number  of  deaths  per  annum  per  100,000  average  strength] 


Area 

*  1942-45 

1942 

'  194.3 

1944 

1945 

Number 

Rate 

1  i 

1  Numl)er 

Rate 

1 

NuinlH-r 

Rate  1 

Number 

Rate 

i 

Nuinl>er 

Rate 

Continental  United  States . 

10 

0.07 

1 

0.04 

3 

m 

2 

0.05 

4 

0.13 

Overseas: 

i 

■1 

5 

0.12 

0 

1 

0.05 

Meditcrriuican  J . . 

57 

3.72 

3 

13.09 

40 

8.76 

13 

1 

.25 

Middle  East . . . 

12 

9.02 

1 

16.54 

5 

3 

6.49 

3 

10.81 

China-Burma-India . . 

40 

8.94 

1 

11.43 

8 

25 

14.82 

6 

2.60 

Southwest  Pacific _ 

113 

7.12 

5 

7.02 

23 

12.11 

31 

5.75 

54 

6.87 

Central  and  South  Pacific _ 

44 

3.05 

2 

1.32 

28 

9 

2.05 

5 

.89 

0  1 

1 

0 

0 

Latin  America . . 

18  1 

4.73 

i  12 

11. 77 

5 

4.14 

1 

1.17  i . 

0 

Total  overseas ' . . 

292 

2.77 

24 

4.10 

no 

6.52 

87 

1 

2.28 

71 

1.60 

Total  Army. . 

302 

'  1. 19 

1  25 

j 

0.77 

113 

1  j 

1.64 

89 

1.14 

■ 

1.01 

1  There  were  no  deaths  due  to  malariae  (quartan)  malaria. 

» Includes  North  Africa. 

>  Includes  Alaska  and  Iceland. 

<  Includes  one  death  each  year  on  transports,  1943,  1944,  and  1945,  respectively. 
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deaths  and  mixed  infections  for  6.  No  deaths  were  caused  by  P.  maJatiae. 
There  were  103  deaths  due  to  unclassified  malaria.  (See  tables  62,  63,  64, 
and  65.) 

Table  62. — Deaths  due  to  vivax  (tertian)  malaria,  in  the  U.S.  Army,  by  area  of  admission 

and  year  of  death,  1942-45 


[PreUraioary  data  based  on  tabulations  of  individual  medical  records] 
[Rate  expressed  as  number  of  deaths  per  annum  per  100,000  average  strength] 


.4rea 

1942-45 

1942 

1943 

1 

1945 

Number 

Rate 

Number 

1 

Rate  i 

! 

NunilK'r 

Rate 

1 

Number 

1 

Rate 

Nunilier 

Rate 

Continental  United  States....... 

5 

0.04 

1 

0 

1  ! 

1  1 

0.02 

2 

0.05 

2 

1  0.07 

Overseas: 

Europe _ .... _ 

4 

0. 10 

0 

0 

3 

0.18 

1 

I  0.05 

Mediterranean  ■ _ 

14 

.91 

1 

4.36 

6 

1.31 

6 

.92 

1 

!  .25 

Middle  East _ 

0 

0 

0 

0 

0 

China-Burma-Indla _ ' 

5 

1. 12 

0 

0 

4 

2.37 

1 

.43 

Southwest  Pacific _ 

25 

1.58 

1 

! 

1.40 

8 

4.21 

4 

-74 

12 

1.53 

Central  and  South  Paclflc.... 

10 

.69 

0 

8 

2.74 

0 

o 

.36 

North  America  * _ 

0 

0 

0 

0 

0 

Latin  America. 

5 

1.32 

3 

2.94 

- 

1.66 

0 

0 

Total  overseas . . 

63 

0.60 

5 

0.85 

24 

1.42 

17 

0.45 

17 

Total  Army _ _ _ _ _ 

68 

0.27 

5 

0.15 

25 

1  0.36 

19 

0.24 

19 

0.26 

I  Includes  North  Africa. 

>  Includes  Alaska  and  Iceland. 


Table  63. — Deaths  due  to  falciparum  (estivo-autumnal)  malaria,  in  the  U.S.  Army,  by  area  of 

admission  and  year  of  death,  1942-45 


[Preliminary  data  based  on  tabulations  of  individual  medical  records] 
[Rate  expressed  as  number  of  deaths  per  annum  per  100,000  average  strength] 


.\rea 

1942-45 

1942 

1943 

1944 

1945 

Number 

Rate 

Number 

Rate 

Rate 

Number 

Rate 

3 

0.02 

1 

0.04 

1 

0 

1 

0.03 

Overseas: 

0 

0 

■ 

0 

0 

Mediterranean  * _ _ _ 

27 

1.76 

9 

8.73 

22 

4.82 

3 

.46 

0 

Middle  East _ _ 

11 

8.27 

1 

16.54 

5 

9.43 

2 

4.33 

3 

10. 81 

20 

4. 46 

0 

6 

IS.  14 

12 

7.12 

2 

.87 

Southwest  Pacific . . . 

43 

2.71 

0 

5 

2.63 

11 

2.04 

27 

3.43 

Central  and  South  Pacific _ 

8 

.56 

0 

5 

1.71 

2 

.46 

1 

.18 

0 

0  ! 

0 

0 

RHI 

10 

2.62 

7 

6.87 

2 

1.66 

mnumi 

1.17 

0 

122 

1.15 

10 

1.71 

46 

2.73 

34 

0.77 

125 

0. 49 

11 

0.34 

47  , 

0.69 

32 

0. 41 

35 

0.46 

1 

1  Includes  North  Africa. 

>  Includes  Alaska  and  Iceland. 

» Includes  one  death  each  year  on  transports,  1943,  1944,  and  1945,  respectively. 
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Table  64. — Deaths  due  to  malaria,  mired  type,  in  the  U.S.  Army,  by  area  of  admission  and 

year  of  death,  1942-4o 


[Preliminary  data  bitsed  on  tabulations  of  individual  medical  records) 
[Rate  e.xpressod  as  number  of  deaths  per  annum  per  100,000  average  strength) 


.\rea 

1W2-45 

m2 

1943 

1944 

1945 

Number 

Rate 

1 

Number  1  Rate 

Number  ; 

Rate 

Number 

Rate 

Number 

Rate 

Continental  United  States . 

0 

.  i  0 

j 

0 

0 

0 

1 

Overseas: 

i 

C  h  ina-Burma-India . 

•> 

0.45 

. .  .  0 

! 

0 

1 

0.59 

1 

0.43 

Southwest  Pacific . 

2 

.13 

. . .  0 

. •; 

1 

.53 

0 

1 

.13 

Central  and  South  Paoiflo... 

■> 

.  14 

.  0 

1 

0 

•> 

.46 

0 

Other  theaters. . 

0 

.  0 

0 

0 

0 

Total  overseas . 

0.06 

-  0 

1 1 

0.06 

0.08 

2 

0.04 

Total  Arnav . 

6 

0.02 

. i  0 

■  ! 

0.01 

3 

0.04 

2 

0.03 

Table  65. — Deaths  due  to  malaria,  unclassified  and  other, ^  in  the  U.S.  Army,  by  area  of 

admission  and  year  of  death,  1942-45 


[Preliminary  data  based  on  tabulations  of  individual  medical  records) 
[Rate  e.vpressed  as  number  of  deaths  per  annum  per  100,000  average  strength) 


.\rea 

1942-45 

19*2 

1943 

1944 

1945 

Number 

Rate 

Number 

Rate 

Number 

Rate 

Number 

Rate 

Number 

Rate 

Continental  United  States . 

2 

0.01 

. 

0 

1 

0.02 

■ 

■ 

H 

Overseas: 

1 

0.02 

1 

0.06 

0 

^lediterranean  * . 

16 

1.05 

0 

12 

2.63 

4 

.62 

0 

Middle  East _  _ 

1 

.75 

rm 

1 

2. 16 

0 

Cbina-Burma-India — . 

13 

2.91 

1 

11.43 

2 

8 

4.74 

2 

.87 

Southwest  Padflc- . 

43 

2.70 

4 

5.62 

9 

4.74 

16 

2.97 

14 

1.78 

Central  and  South  Pacific _ 

24 

1.66 

2 

1.32 

15 

5.15 

5 

1.13 

2 

.35 

North  America  • _ 

0 

0 

0 

0 

0 

Latin  America . 

3 

.79 

2 

1.96 

1 

.82 

0 

Total  overseas . 

101 

0.96 

9 

1.54 

39 

2.31 

35 

18 

0.41 

Total  Army. . 

103 

0.41 

0.28 

40 

19 

0.26 

1  Other  than  vivax,  falciparum,  malariae,  and  mixed  type. 
>  Includes  North  Africa. 

*  Includes  Alaska  and  Iceland. 
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SUMMARY 

The  role  of  malaria  in  military  campaigns  was  reemphasized  once  more 
during  World  War  II.  The  magnitude  of  the  problem  is  illustrated  by  a 
brief  presentation  of  statistical  data  giving  the  incidence  of  malaria,  the 
types  of  malaria,  the  relapse  problem,  and  the  number  of  deaths  due  to  ma¬ 
laria.  It  is  indeed  a  tribute  to  the  Medical  Department  of  the  U.S.  Army, 
that  the  menace  of  malaria  did  not  more  seriously  interfere  with  military 
operations. 


CHAPTER  XV 


The  Suppression  of  Malaria 

Benjamin  M.  Bakery  M.D. 

From  the  onset  of  World  War  II,  it  was  recognized  that  tropical  dis¬ 
eases  could  interfere  seriously  with  military  operations.  Previous  military 
histories  ^  had  adequately  delineated  this  problem.  What  was  not  known, 
however,  was  the  e.xtent  to  which  troops  might  be  incapacitated  by  malaria 
under  the  conditions  of  modern  warfare  in  the  Tropics.  Planners  could  not 
count  on  the  opportunity  to  rid  hostile  shores  or  vast  hinterlands  of  endemic 
malaria  by  elimination  of  mosquito  breeding.  In  the  long  run,  the  effective¬ 
ness  of  U.S.  troops  in  many  parts  of  the  world  depended  principally  on  the 
suppression  of  clinical  malaria  by  the  use  of  new  drugs  and  the  development 
of  techniques  of  chemotherapy. 

Most  medical  officers  arrived  on  the  scene  with  little  knowledge  of  ma¬ 
laria  and  even  less  practical  experience.  At  first,  the  only  sources  of  informa¬ 
tion  were  the  few  available  textbooks  and  the  directives  prepared  by  The 
Surgeon  General,  U.S.  Army.  One  of  the  directives.  Circular  Letter  No.  56, 
Office  of  the  Surgeon  General,  dated  9  June  1941  recommended  the  following 
regarding  chemical  prophylaxis: 

The  use  of  quinine  or  Atabrine  for  prophylaxis  is  not  recommended  as  a  routine 
procedure,  as  the  available  information  indicates  that  these  drugs  do  not  prevent  in¬ 
fection.  However,  they  are  of  definite  military  value  in  that  they  do  prevent  the  ap¬ 
pearance  of  the  clinical  symptoms  of  malaria  so  long  as  they  are  taken,  and  thus  they 
afford  a  means  for  keeping  troops  “on  their  feet”  during  periods  of  emergency  in  the 
field.  Wlien  administered  to  troops  in  special  situations  in  unsanitated  endemic  areas, 
either  of  the  drugs  may  be  used  under  the  personal  supervision  of  a  responsible  officer, 
as  follows:  (1)  Atabrine  0.2  gm.  (3  gr.)  twice  a  week  (every  3  or  4  days)  or  (2) 
Quinine  sulphate  0.3  gm.  (5  gr.)  daily. 

Wlien  in  a  very  short  time  it  became  clear  that  the  high  malaria  rates  in 
exposed  troops  constituted  a  serious  problem,  the  few  available  trained  ex¬ 
perts  on  malaria  were  enlisted  to  direct  hurried  efforts  to  bring  about  drug 
suppression  of  the  disease.  Such  attempts  were  made  as  in  September  1942 
in  one  area  of  high  malaria  incidence,  when  a  command  directive  ordered 
that  Atabrine  (quinacrine  hydrochloride)  in  doses  of  0.2  gm.  twice  weekly 
be  taken  prophylactically  but  because  of  accumulation  should  be  replaced 
after  3  months  by  quinine  for  1  month.  With  these  early  efforts  at  suppres¬ 
sive  drug  control,  malaria  rates  of  combat  troops  in  the  range  of  1,500  to 
2,000  per  1,000  troops  per  annum  were  common.* 

1  Boyd,  M.  F. :  An  Historical  Sketch  of  the  Prevalence  of  Malaria  in  North  America.  Am.  J. 
Trop.  Med.  21 :  223-244,  March  1941. 

3  Downs,  W.  G..  Harper,  P.  A.,  and  Lisansky,  E.  T. :  Malaria  and  Other  Insect-Borne  Diseases 
in  the  South  Pacific  Campaign,  1942-1945.  II.  Epidemiology  of  Insect-Borne  Diseases  in  Army 
'troops.  Am.  J.  Trop.  Med.  (snpp.)  27 :  69-89,  May  1947. 
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FACTORS  IN  EARLY  FAILURES  IN  SUPPRESSION  OF  MALARIA 

Experiences  such  as  these  soon  led  to  the  conclusion  by  line  officers  and 
most  medical  officers  as  well,  that  Atabrine  was  ineffective  in  suppressing 
clinical  malaria  under  the  conditions  of  combat.  Quinine  was  in  short  sup¬ 
ply,  but  it  was  widely  believed  that  quinine  would  provide  effective  suppres¬ 
sion  and  that  Atabrine  was  a  necessai'y  but  poor  substitute  for  it.  Further¬ 
more,  wlien  Atabrine  was  initially  administered  it  frequently  led  to  nausea, 
vomiting,  and  diarrhea.  This  was  particularly  likely  to  occur  when  the 
administration  was  begun  on  shipboard,  where  anxiety  and  seasickness  con¬ 
tributed  to  the  prevalence  of  gastrointestinal  upsets.  Confusion,  too,  between 
the  skin  discoloration  due  to  Atabrine  and  cases  of  infectious  hepatitis  (a 
confusion  added  to  by  some  medical  officers)  increased  fear  of  the  drug. 
There  were  rumors  that  Atabrine  caused  impotence.  In  addition,  soldiers  soon 
learned  that  if  they  acquired  malaria  they  would  be  removed  from  combat 
areas  to  more  adequate  hospital  facilities.  Altogether,  the  value  and  safety 
of  administration  of  this  drug  was  not  wholeheartedly  accepted  by  the  troops, 
and  forward  medical  officers  themselves  became  lukewarm  regarding  it.  Di¬ 
minishing  supplies  of  quinine  were  frequently  given  by  the  medical  staff  to 
their  fellow  officers.  The  result  of  all  this  was  poor  discipline  in  the  use  of 
suppressive  therapy  and  consequent  failure  in  control  of  clinical  malaria. 

The  change  in  the  attitude  of  command  and  medical  officers  alike  towa' 
Atabrine  and  its  role  in  the  malaria  problem  was  aided  by  an  importai. 
study  ^  in  an  Army  medical  center  located  in  Australia.  This  study  was  con¬ 
ducted  by  Lt.  Col.  (later  Col.)  Garfield  G.  Duncan,  MC,  Consultant  in  Med  • 
cine.  Sixth  U.S.  Army,  shown  in  figure  59,  explaining  the  details  of  malaria 
suppressive  therapy  to  Gen.  (later  General  of  the  Army)  Douglas  MacArthur, 
Supreme  Commander,  Southwest  Pacific  Area.  Here,  a  group  of  men,  all 
known  to  be  subject  to  recurrent  malaria  attacks,  were  gathered  in  a  region 
free  of  endemic  malaria  and  given  suppressive  amounts  of  Atabrine.  Various 
dosage  schedules  were  employed,  including  0.1  gm.  daily  for  6  days  each  week 
and  0.5  gm.  on  2  days  of  each  week.  There  was  prompt  cessation  of  clinical 
malaria,  despite  vigorous  training  which  included  a  final  forced  march  of 
25  miles. 

This  study  pointed  out  the  advantage  of  the  twice  weekly  suppressive 
dose.  Rigid  supervision  to  insure  the  actual  ingestion  of  the  prescribed 
amount  was  more  easily  accomplished  twice  weekly  than  daily.  Further,  this 
dose,  in  all  probability  larger  than  absolutely  necessary  for  good  suppression, 
provided  an  additional  margin  of  safety. 

"When  this  suppressive  regimen  was  tried  in  a  malarious  area  during  com¬ 
bat,  the  results  were  even  more  impressive.  Malaria  rates  as  high  as  1,230 
per  1,000  per  annum  had  been  observed  in  a  battalion  supposedly  receiving 

3  Duncan,  G.  O. :  Quinacrine  Hydrochloride  as  a  Malaria-Suppressive  Agent  for  Combat  Troops. 
War  Med.  8 :  305-318,  November-December  1945. 
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l•’l(a■|a■;  .V.i.  1,1.  Col,  Carliold  <!,  Iiiini-aii.  .MC,  oxpl.aiiiiiar  ilio  malaria  siiiiiirossive 

lli(‘ra)iy  (•ll.•l|•|s  lo  Cell.  I  toii;:l;is  .AIai-.\  rt  liur  at  llie  loisl  Slalion  Ilosjiilal,  Itockliainploii, 
(Jiieoiislaml.  .\n^lr!ili:i.  'J<>  .N’ovemlier  Ui-4'1.  l.i'l'l  to  riirlil  ;  I'oloiiel  iMim-an;  i  wo  ollirers 
ill  (loorw:i\  iinideiil  ilieil  ;  1,1.  Col.  Wallm-e  .\.  I  Minion.  Sixiii  r,.S.  .\iniy  'I'raiiiiii^r  Center: 
1,1.  Col.  C.  11.  .Mondioiise.  .Vide-de-Caiiip  to  Cimeral  .Mae.Xrl Inir :  i,l.  (ten.  llerliert  Liiiis- 
deii.  Itrilisli  .\riii\  Liaison  Ollicer:  1,1.  (ten.  lloberl  1,.  Kieliellier^er.  ConnnandiiiLr  (ieii- 
»-ral.  I  Corps:  Col.  Frank  LaUne.  < 'oniinandin;r  (Mlieer.  Sixtli  I'.S.  .\rniy  'rraiiiini:  Cen¬ 
ter:  and  Ceneral  .Mae.XrtInir. 


in  defatill.  cerlaiidy  itcfoiinled  fof  many  of  the  failings  of  the  dfn«r  as  a  sitp- 
pressanl  (*arly  in  the  wtir. 

Thefe  was,  howevei-,  anotlier  factor  tliat  almost  sitrely  ticcotmted  for 
some  failures  even  when  the  drnjr  was  faithfully  in<reste(l.  Early  in  tin*  war. 
the  recommended  dosa<re  w;is  sm.all  and  had  lo  accumulate  to  i-each  (‘Ifeciive 
Mood  levels,  as  will  he  shown  in  more  detail  lal(*r  (|>.  ITd).  'I'his  fact  was  not 
then  recojrnized.  ( ’ou.se(|uenI ly.  when  troo]>s  he<ran  theraiiy  shortly  before 
or  on  the  day  of  exposure,  clinical  malaria  i-ould  appear  heforc*  the  concen¬ 
tration  of  ,Vtabrine  in  the  blood  was  sullicient  for  supi>ression. 
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The  experience  of  840  men  in  a  construction  group  which  landed  on 
Guadalcanal  in  December  1942  illustrates  this  point  well."*  The  men  had 
never  been  exposed  to  malaria  before,  and  on  the  day  of  landing,  Atabrine  in 
dosage  of  0.4  gm.  per  week  was  begun.  It  was  alleged  that  the  drug  was 
taken  faithfully.  In  the  third,  fourth,  and  fifth  weeks,  119  cases  of  clinical 
malaria  developed,  a  rate  of  1,523  per  1,000  per  annum.  Beginning  with  the 
sixth  week,  and  coinciding  with  the  predicted  time  of  maximum  blood  concen¬ 
tration,  the  cases  began  to  level  off  to  about  seven  per  week.  As  will  be 
shown  later,  0.4  gm.  of  Atabrine  per  week  never  produces  a  blood  level  ade¬ 
quate  to  suppress  all  malaria  and  has  very  limited  effect  until  the  maximum 
concentration  is  obtained  from  the  seventh  week  on. 

EFFECTS  OF  ATABRINE  WITHDRAWAL 

In  most  theaters  of  operations,  there  were  either  nonmalarious  or  rela¬ 
tively  well  sanitated  base  sections.  When  combat  conditions  permitted,  troops 
wei'e  usually  moved  to  such  rear  areas  for  rest  and  rehabilitation.  It  was 
thought  that  after  long  suppressive  therapy,  especially  with,  in  addition, 
the  debilitating  influences  of  forward  area  duty,  Atabrine  would  no  longer 
effectively  suppress  clinical  malaria.  Administration  of  Atabrine  was  usually 
terminated  in  such  troops  unless  local  conditions  made  further  disease  trans¬ 
mission  likely.  Withdrawal  of  Atabrine  was  made  either  abruptly  or  after 
preliminary  attack  therapy  with  various  combinations  of  Atabrine,  quinine, 
or  plasmoquin.®  It  was  hoped  that  troops  so  treated  would  be  freed,  at  least 
in  part,  of  malaria  and  be  less  likely  to  suffer  supposed  damage  from  the 
cumulative  effects  of  long  continued  Atabrine  therapy.  Finally,  it  was 
thought  that,  after  a  period  without  Atabrine,  they  might  be  more  susceptible 
to  its  suppressive  effect  when  they  had  to  return  to  highly  infective  areas. 

Tlie  results  of  this  experiment  were  appalling.  Depending  upon  the 
degree  of  seeding,  malaria  rates  in  such  troops  rose  to  peaks  as  high  as  15,000 
per  1,000  per  annum,  and  sustained  rates  over  a  period  of  months  of  3,000  to 
4,000  per  1,000  annum  were  common.®  With  some  of  the  strains  involved,  at¬ 
tacks  followed  attacks  rapidly.  It  was  common  to  have  men  hospitalized  for  the 
treatment  of  clinical  malaria  stricken  with  a  fresh  attack  before  completing 
the  accepted  period  of  convalescence.  In  one  group  studied  in  the  South 
Pacific  Area,  the  interval  between  attacks  of  malaria  due  to  Plasmodium  vivax 
averaged  28  days.  The  type  of  therapy  that  had  been  given  had  no  significant 
influence  upon  the  number  of  relapses  or  the  interval  between  them  in  heavily 
seeded  troops. 

Such  men,  removed  from  suppressive  therapy,  were  no  longer  fit  for 
combat  duty.  The  general  physical  fitness  of  the  troops  deteriorated ;  morale 

'*  Personal  communication,  Paul  Harper  to  author. 

s  Downs,  W.  G. :  Results  In  an  Infantry  Regiment  of  Several  Plans  of  Treatment  for  Vlvax 
Malaria.  Am.  J.  Trop.  Med.  26:  67-86,  January  1946. 

a  See  footnote  2,  p.  465. 


SUPPRESSION-  OF  MAI^^UIA 


469 


suffered;  ade<juate  training  was  impossible;  and  hospital  facilities  and  the 
few  convalescent  and  rehabilitation  camps  available  were  overtaxed.  Many 
men  as  a  consequence  were  evacuated  to  the  United  States,  and  others  had  to 
be  reassigned  to  limited  duty. 

Gradually,  it  was  realized  that  suppressive  therapy  should  lie  continued 
during  rehabilitation  periods  and  that  the  only  way  of  controlling  the  disease 
in  troops  from  whom  suppressive  medication  had  been  withdrawn  was  to 
reinstitute  such  therapy.  These  decisions  were  reached  after  careful  studies  ^  of 
the  results  to  be  expected.  It  was  found  that  general  physical  and  psycho¬ 
logical  fitness  improved  remarkably  once  current  attacks  of  clinical  malaria 
were  prevented  by  suppression.  It  was  furthei-more  found  that  fatigue,  or 
exposure  to  cold,  wet,  and  arduous  combat  conditions  did  not  cause  suppressed 
malaria  to  “direaki hrough"  provided  discipline  in  the  administration  of  Ata- 
brine  was  good. 

EFFECT  OF  SUPPRESSIVE  THERAPY  ON  PARASITE  SPECIES 

In  intensely  malarious  areas  of  the  Pacific,  the  clinical  disease  tliat  broke 
through  poorly  taken  or  otherwise  inadequate  suppressive  medication  was 
predominantly  due  to  Plasmodium  faJeiparum.  On  Guadalcanal,  for  ex¬ 
ample,  in  January  1943  the  parasite  species  i*ecovered  during  malaria  attacks 
were  distributed,  as  follows;  ® 

Percent 


Plasmodium  falciparum - 55 

Plasmodium  rirax _ 24 

Unidentified _ 19 


When  troops  were  removed  to  nonmalarious  areas  and  suppressive  ther¬ 
apy  withdrawn,  there  was  a  progressive  shift  with  time  in  this  species  distri¬ 
bution.  For  example,  the  same  troops  found  to  be  infected  on  Guadalcanal 
with  the  parasites  previously  listed  were  found  5  months  later  to  have  clinical 
malaria  from  which  micro-organisms  were  recovered,  as  follows: 

Percent 


Plasmodium  falciparum _  0 

Plasmodium  rirax _ 99 

Unidentified _  1 


Such  observations  from  all  parts  of  the  world  confirmed  the  view  that  all 
late  relapsing  malaria  was  caused  by  P.  vivax,  in  accordance  with  the  long- 
recognized  tendency  of  this  species  to  produce  the  most  stubborn  form  of 
relapsing  malaria.  Gradually,  it  became  apparent  that  Atabrine,  even  in 
suppressive  doses,  was  curative  for  malaria  due  to  P.  fcdcipnrum. 

A  study  by  Col.  Maurice  C.  Pincoffs,  MC,  which  pointed  out  this,  as 
well  as  other  facts  about  Atabrine  suppres.sion,  was  carried  out  in  New 

T  Se«  footnote  3,  p.  466. 

8  Levine,  N.  D.,  and  Harper,  P. :  Malaria  and  Other  Inaect-Borne  Diseases  in  the  South  Pacific 
Campaiitn,  1942-1945.  IV.  Parasitological  Observations  on  Malaria  in  Natives  and  Troops,  and  on 
Filariasis  in  Natives.  Am.  J.  Trop.  Med.  (supp.)  27:  119-128,  May  1947. 
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Guinea  and  Australi a  in  104.‘J.  A  *;ix)up  of  piwiously  nninfecteil  men  wei-e 
movetl  to  a  hifrhly  malarious  area  for  a  44-ilay  One  jrroup  took  no 

suppressive  therapy  ami  served  as  eontrols.  Sulfamerazine  was  jriven  in 
doses  of  0.5  and  1.0  frm.  tlaily  to  a  seeond  proup.  A  third  group  was  given 

O. l  gm.  Aiabrine  daily  (>  days  a  week.  In  the  control  group  of  51  men,  ‘it? 
developed  clinical  malaria.  In  the  group  of  111  men  on  sulfamerazine,  only 
two  manifested  this  disea.se.  None  of  the  107  men  on  Atabrine  fell  ill  with 
malaria. 

Following  this  44-day  perioil,  all  groups  were  rtmioved  to  a  nonmalarious 
area  for  a  further  3  months'  periml  of  observation  and  all  drugs  withdrawn. 
Of  the  group  ti*eated  with  sulfamerazine,  30  perce»\t  ileveloped  clinical  ma¬ 
laria  due  to  P.  i'h'a.r  as  opposed  to  30.8  {Percent  of  the  group  tmvted  with 
Atabrine,  while  not  a  single  case  of  malaria  caused  by  P.  fd/t-i/Kinini  devel¬ 
oped  during  this  periml  of  observation  among  the  men  who  had  i*eceiveil  Ata¬ 
brine.  It  is  almost  certain  that  malaria  due  to  P.  fdfripanim  had  been 
transmitted  to  them  previously  as  10  cas«‘s  develojied  in  the  control  group 
of  51  men. 

Further  evidence  was  provided  by  another  study®  carried  out  in  Austra¬ 
lia.  Human  volunteers  were  subjected  to  numerous  bites  of  infected  mosqui¬ 
toes  while  on  various  suppressive  regimens.  The  New  Guinea  strains  employed 
were  known  to  protluce  severe  attacks  of  malaria  due  to  P.  falcipamm  and 

P,  vh'cx^  the  latter  with  a  high  and  rapid  relapse  tendency.  Quinine  sulfate 
proved  to  be  greatly  inferior  to  Atabrine  as  a  suppressive  drug.  Several 
sulfonamides  in  doses  of  1.0  gm.  daily  suppres.sed  and  cured  most  P.  falci¬ 
parum  infections  but  were  inferior  to  Atabrine  in  this  respect.  The  sulfona¬ 
mides  proved  very  poor  in  their  suppres.sive  action  on  malaria  due  to  /^  vivajr. 

Atabrine  was  conclusively  shown  both  to  suppress  and  to  cure  all  P. 
falciparum  infections  under  the  conditions  of  the  e.xperiment.  This  dnig 
was  also  found  highly  effective  in  suppressing  P.  vicar  infections,  but  when 
it  was  withdrawn  clinical  malaria  cause<l  by  P.  vicar  regularly  developed. 
Hard  physical  work,  forced  marches,  extreme  cold,  anorexia,  blood  loss,  and 
injections  of  insulin  or  Adrenalin  (epinephrine)  failed  to  alter  the  suppres¬ 
sive  action  of  Atabrine. 

There  can  be  little  doubt  that  the  control  of  P.  falciparum  infections  by 
even  suppressive  doses  of  Atabrine  was  in  large  measure  responsible  for  the 
great  rarity  of  cerebral  malaria  a  ad  blackwater  fever  in  our  forces.  Because 
these  manifestations  of  malaria  are  responsible  for  a  large  proportion  of 
deaths  from  this  disease,  it  is  understandable  why  the  death  rate  was  so 
extraordinarily  low.  This  in  itself  was  a  happy  consequence  of  the  enforced 
use  of  Atabrine  due  to  inadequate  supplies  of  quinine. 

•  Fairley,  N.  H. ;  Chemotherapeutic  Suppreaslon  and  Prophylaxis  in  Malaria;  An  Experimental 
InTestigatlon  Undertaken  by  Medical  Research  Teams  In  .Australia.  Tr.  Roy.  Soc.  Trop.  Med.  A  Hyj. 
38:  311-355,  May  1845. 
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LONG-TERM  CLINICAL  EXPERIENCE  WITH  ATABRINE 

SUPPRESSION 

Many  examples  are  available  of  long-term  observations  in  military  units 
that  served  in  highly  malarious  areas.  They  all  illustrate  in  varying  degree 
early  suppressive  failure,  amazing  rates  of  clinical  malaria  when  suppressive 
medication  was  withdrawn,  and  finally  good  control  of  malaria  when  suppres¬ 
sive  medication,  under  proper  conditions  of  Atabrine  discipline,  was  resumed. 

One  impressive  example  of  this  frequently  repeated  experience  was  that 
of  an  infantry  regiment  in  the  South  Pacific  which  landed  on  Guadalcanal 
in  three  echelons  in  December  1942  and  early  in  1943  when  malaria  transmis¬ 
sion  was  at  a  high  level.  Atabrine  in  doses  of  0.4  gm.  per  week  was  ordered. 
The  malaria  rates  between  December  1942  and  May  1943  varied  between  a 
low  of  405  and  a  high  of  1,296  per  1,000  per  annum.  In  May  1943,  the  regi¬ 
ment  was  removed  to  a  nonmalarious  island  for  rehabilitation  and  all  suppres¬ 
sive  medication  was  withdrawn.  Various  malaria  treatment  regimens  were  in¬ 
stituted  in  an  effort  to  eliminate  some  of  the  malaria  seeding  present  in  the 
troops;  nevertheless,  for  the  next  7  months,  the  malaria  rate  varied  between 
1,836  and  3,132  per  1,000  per  annum.  The  highest  rate  occurred  in  the  third 
week  in  one  segment  of  the  regiment  that  previously  had  had  the  greatest 
exposure  to  malaria  transmission,  and  in  this  group  the  incidence  of  clinical 
attacks  exceeded  14,000  per  1,000  per  annum.  The  highest  regimental  rate, 
however,  occurred  in  the  sixth  month,  indicating  no  tendency  for  these  extra¬ 
ordinarily  rapid  relapses  of  malaria  caused  by  P.  vivax  to  diminish  with  time. 

Rehabilitation  of  these  troops  had  obviously  not  been  accomplished. 
Their  working  eflSciency  was  in  fact,  so  severely  depleted  that  they  were  re¬ 
turned  to  carefully  supervised  Atabrine  suppression  late  in  November  1943. 
At  first,  0.4  gm.  of  Atabrine  per  week  was  given,  but  late  in  January  1944, 
the  dose  was  increased  to  0.6  gm.  per  week.  As  soon  as  this  was  done,  there 
was  a  prompt  and  impressive  control  of  the  malaria  rate  with  return  of  the 
working  capacity  of  the  organization. 

Then,  after  2  months’  duty  on  a  nonmalarious  island,  the  regiment  served 
for  less  than  3  months  on  an  island  where  malaria  transmission  was  very 
slight.  Next,  there  was  12  months’  service  in  a  nonmalarious  area,  making  a 
total  of  18  months’  service  while  on  Atabrine  suppressive  medication  with 
little  or  no  additional  exposure  to  malaria  transmission.  Atabrine  medication 
was  then  terminated.  Over  the  following  3  months’  observation  period,  there 
was  nothing  like  the  increase  in  the  attack  rate  that  had  followed  initial  de- 
atabrinization  exactly  2  years  previously.  Approximately  400  men  had  re¬ 
mained  with  this  regiment  from  its  early  exposure  to  malaria  on  Guadalcanal 
in  1942  until  the  final  termination  of  Atabrine  suppressive  medication  in 
May  1945.  The  malaria  experience  of  these  men  is  shown  in  chart  25. 

10  Baker,  B.  M.,  and  Platt,  D. :  Vivax  Relapse  Rates  Following  Continued  Atabrine  Suppressive 
Medication :  Observations  on  Malaria  in  an  Infantry  Regiment.  Bull.  Jobns  Hopkins  Hosp.  81 : 
295-304.  November  1947. 
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In  review  then,  there  was  in  this  jj^roup  a  iieriod  of  6  months’  extreme 
exposure  to  malaria,  7  months  of  attempted  but  unsuccessful  eradication  of 
malaria,  and  a  final  period  of  18  months’  excellent  suppression  of  malaria  by 
Atabrine  with  negligible  fresh  transmission.  Suppressive  medication  was 
then  terminated,  but  the  latent  malaria  that  developed  during  the  next  3 

CuAUT  25. — Malaria  experience  of  an  infantry  regiment  carefully  followed  for  34  months, 
South  Pacific  Area,  December  J9i2-August  1945 

[Kuto  I'xprcMMOd  as  nuint>cr  of  cases  {ler  annum  per  1,000  average  strength] 
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Source :  Modlfled  from  Baker,  B.  M.,  and  Platt.  P. ;  VIvax  Relapse  Rates  Following  Continued 
Atabrine  Suppressive  Medication  :  Observations  on  Malaria  in  an  Infantry  Regiment.  Bull.  Johns 
Hopkins  Hosp.  81 :  29!l-304,  November  1047. 

months  was  much  lower  in  incidence  than  in  the  earlier  period  of  Atabrine 
withdrawal.  This  was  a  unique  experience  in  observing  the  effects  of  long¬ 
term  suppressive  therapy  on  troops  heavily  seeded  with  malaria,  and  there 
will  probably  never  be  an  opportunity  to  confirm  these  observations.  It 
seems  likely,  however,  that  the  relatively  low  attack  rate  when  suppressive 
therapy  was  finally  terminated  was  due  to  permanent  elimination  of  a  sig¬ 
nificant  amount  of  latent  P.  vha,v  infection  either  by  the  long-term  drug 
therapy  or  by  a  gradual  increase  in  biological  resistance. 
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CONCENTRATION  OF  ATABRINE  IN  THE  BLOOD  AT  LEVELS 
EFFECTIVE  FOR  SUPPRESSION 

Basic  undei-standin^  of  optimum  methods  for  suppression  of  malaria  by 
Atabrine  began  only  when  field  experience  could  be  accurately  controlled  by 
determinations  of  the  concentration  of  Atabrine  in  the  blood.  There  were 
four  large  studies  relating  clinical  effectiveness  to  Atabrine  blood  levels,  and 
it  is  upon  these  that  most  of  the  accepted  concepts  of  suppressive  therapy 
depended.  They  were  conducted  in  the  United  States,”  in  the  Southwest 
Pacific,^-  and  in  the  South  Pacific.'®  Such  field  studies  yielded  a  reasonably 
precise  means  of  testing  Atabrine  discipline,  made  possible  determination  of 
effective  suppressive  dosage,  and  provided  basic  pharmacological  information. 

It  was  shown  that  when  a  constant  dose  of  Atabrine  is  administered  daily 
to  a  group,  individual  blood  levels  vary  widely,  but  that  individuals  who 
attain  high,  average,  or  low  blood  levels,  do  so  regularly.  Furthermore,  the 
group  mean  level  can  be  calculated  accurately  and  is  a  function  of  dosage  and 
duration  of  administration.  The  maximum  blood  level  yielded  by  a  given 
dose  is  attained  slowly  over  a  period  of  6  w’eeks,  and  then  remains  constant 
for  the  remainder  of  the  period  of  drug  administration.  Fifty  percent  of  the 
final  equilibrium  level  is  reached  at  the  end  of  the  first  week,  and  50  percent 
of  each  remainder  in  each  of  the  5  succeeding  weeks.  A  dose  of  0.4  gm.  of 
Atabrine  per  week  produces  a  group  mean  level  at  the  end  of  6  weeks  of  12 
fig.  per  liter;  a  dose  of  0.6  gm.  per  week,  a  level  of  18;  and  a  dose  of  0.7  gm. 
per  week,  a  level  of  21.  A  group  mean  level  of  21  fig.  per  liter  can  be  achieved 
either  by  giving  a  daily  dose  of  0.1  gm.  for  6  weeks  or  by  administering  0.3 
gm.  daily  for  4  days.  Once  the  desired  level  has  been  attained,  regardless  of 
whether  this  is  done  with  small  doses  over  a  long  period  or  by  larger  doses  in 
a  few  days,  the  group  mean  level  can  be  maintained  by  the  daily  administra¬ 
tion  of  the  dose  that  would  yield  that  level  after  6  weeks  of  daily  administra¬ 
tion. 

Interest  naturally  was  strong  in  determining  the  blood  levels  that  would 
protect  working  troops  from  primary  and  from  relapsing  attacks  of  malaria. 
One  study  addressed  to  this  question  was  made  in  a  segment  of  a  division 
heavily  seeded  with  malaria.  Without  suppressive  medication,  the  troops 
were  having  a  malaria  rate  that  varied  between  2,000  and  4,000  per  1,000  per 
annum.  Two  groups  of  600  men  each  were  selected  for  the  study.  One  group 

11  (1)  Final  Report  on  Investigation  of  the  Effects  of  Activity  and  Environment  on  Atabrine 
Therapy,  Project  No.  18,  Armored  Research  I.aboratory,  Fort  Knox,  Ky.,  23  Dec.  1943.  (2)  Shan¬ 

non,  J.  A.,  Earle,  D.  P.,  Jr.,  Brodie,  B.  B.,  Taggart,  J.  V.,  and  Berliner,  R.  W. :  The  Pharmacologi¬ 
cal  Basis  for  the  Rational  Use  of  Atabrine  in  the  Treatment  of  Malaria.  J.  Pharmacol.  &  Exper. 
Therap.  81 :  307-330,  August  1944. 

13  Bang,  F.  M.,  Hairston,  N.  G.,  Maier,  J.,  and  Trager,  W. :  Studies  on  Atabrine  (Quinacrine) 
Suppression  of  Malaria.  I.  A  Consideration  of  the  Individual  Failures  of  Suppression.  Am.  J. 
Trop.  Med.  26 :  649-661,  September  1946. 

13  Schaffer,  A.  J.,  and  Lewis,  R.  A. :  Atabrine  Studies  in  the  Field.  I.  The  Relation  of  Serum 
Atabrine  Level  to  Breakthrough  of  Previously  Contracted  Vivax  Malaria.  Bull.  Johns  Hopkins  Hosp. 
78:  265-281,  May  1946. 
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was  given  0.1  gm.  of  Atabrine  three  times  daily  for  1  week  (yielding  a  group 
mean  Atabrine  level  in  excess  of  21  jug.  per  liter).  Half  of  this  experimental 
group  then  took  0.1  gm.  Atabrine  daily  and  the  other  half  0.05  gm.  daily. 
The  second  group  of  600  men  had  no  medication  and  served  as  controls.  Dur¬ 
ing  4  weeks  of  observation,  157  of  the  controls  but  only  14  of  the  group  on 
suppressive  treatment  developed  clinical  malaria.  It  was  of  interest  that  the 
Atabrine  blood  levels  of  these  14  treated  men  were  all  considerably  lower 
than  those  of  the  treated  group  that  i^emained  free  of  clinical  disease.  In 
order  to  investigate  the  relationship  of  Atabrine  blood  levels  to  the  ])robabil- 
ity  of  breakthrough  of  malaria,  plans  were  made  to  expand  the  study  with 
larger  numbers  of  subjects. 

A  moderately  seeded  infantry  division  in  a  malaria-free  area  was  selected. 
For  longer  than  10  months,  these  troops  had  had  suppressive  medication,  first 
0.4  gm.  Atabrine  per  week  and  later  0.6  gm.  per  week,  continuing  on  the  latter 
dose  when  transfeired  to  the  rehabilitation  area.  Results  of  the  study  were 
as  follows : 

1.  PreUniinat'y  Atabrine  scrum  levels. — Of  the  nine  infantry  companies, 
1,021  men  had  serum  determinations  made  as  soon  as  possible  after  reaching 
the  rehabilitation  area.  Suppressive  Atabrine  was  ordered,  but  as  yet  no 
special  effort  has  been  made  to  itnprove  Atabrine  discipline.  Of  this  group, 
65  percent  had  Atabrine  levels  of  19  /u,g.  per  liter  or  less.  The  aritlimetic 
mean  level  of  the  entire  group  was  13  /tg.  per  liter  whereas  the  arithmetic 
means  in  the  various  companies  varied  between  9  and  20  /xg.  per  liter.  Obvi¬ 
ously,  some  officers  were  enforcing  more  rigid  Atabrine  discipline  than  others. 
To  confirm  this  conclusion,  a  large  group  of  men  were  assured  protection 
from  disciplinary  action  and  confidentially  questioned  regarding  their  actual 
intake  of  the  ordered  medication.  Of  those  who  claimed  to  have  taken  the 
suppressive  doses  faithfully,  only  27  percent  had  acquired  malaria,  whereas 
50  percent  of  those  who  admitted  to  poor  discipline  had  the  disease.  Further¬ 
more,  relapses  had  been  four  times  more  frequent  in  those  who  admitted  to 
disobeying  orders  as  .o  Atabrine  intake. 

When  this  information  was  presented  to  command,  extraordinary  pre¬ 
cautions  were  taken  to  see  that  all  men  who  were  offered  six  Atabrine  tablets 
a  week  actually  swallowed  them.  The  arithmetic  mean  of  the  serum  Atabrine 
levels  of  one  company  rose  in  4  weeks  from  11  to  20  jug.  per  liter  with  a  sharp 
concomitant  reduction  in  that  company's  malaria  rate. 

2.  Atabrine  levels  at  time  of  breakthrough. — Serum  Atabrine  levels  were 
determined  in  410  soldiers  at  times  when  they  developed  clinical  malaria. 
Of  these  men,  97.4  percent  had  Atabrine  levels  of  10  jug.  per  liter  or  below  with 
an  arithmetic  mean  in  this  group  of  5  jug.  per  liter.  This  figure  should  be 
compared  both  with  the  arithmetic  mean  of  13  jug.  per  liter  of  the  “suppressed” 
group  just  discussed,  and  with  the  mean  level  of  20  /^g.  per  liter  achieved  in 
the  best  disciplined  company,  which  had  no  clinical  malaria  during  the  study 
period. 
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3.  Controls. — In  this  same  division,  404  men  belongin^j  to  one  company 
wei-e  removed  from  all  suppressive  medication  at  the  beginning  of  the  study. 
This  control  group  had  a  malaria  rate  of  1,340  per  1,000  per  annum  as  com¬ 
pared  with  the  rate  of  212  per  1,000  per  annum  in  the  group  given  suppres¬ 
sive  treatment. 

A  roughly  similar  study  was  conducted  in  an  intensely  malarious  area 
at  a  time  when  an  epidemic  of  malaria  due  to  P.  falciparum  developed  in  an 
infantry  regiment  in  combat.  Again  it  was  demonstrated  that  the  Atabrine 
blood  levels  in  “protected”  troops  were  significantly  higher  than  those  in  men 
who  developed  clinical  malaria,  this  difference  presumably  being  a  result  of 
better  discipline  in  the  former.  There  was  suggestive  evidence  in  this  study 
that  it  took  a  higher  blood  level  of  Atabrine  to  suppress  primary  malaria 
caused  by  P.  falciparum  during  combat  than  to  suppress  relapsing  malaria 
due  to  P.  vivax  in  a  rear  area.  This  impression,  however,  was  not  confirmed 
beyond  question,  although  another  study  in  another  area  also  suggested  this 
conclusion. 

This  last  was  a  further  important  study  of  the  plasma  levels  of  Atabrine 
in  effective  suppression,  conducted  in  the  Southwest  Pacific.  Again,  it  was 
demonstrated  that  there  is  no  definite  concentration  in  the  plasma  that  di¬ 
vides  protected  individuals  from  those  that  break  through  suppressive  ther¬ 
apy.  However,  it  was  pointed  out  that  such  plasma  levels  were  obtained 
after  the  symptoms  had  started  and  might  well  have  been  quite  different  from 
those  that  prevailed  at  the  time  parasite  multiplication  began.  Further,  it  was 
observed  that  the  plasma  level  of  Atabrine  varied  considerably  during  a  24- 
hour  period  depend  ing  upon  the  time  the  dose  was  given. 

From  this  study,  the  conclusion  was  drawn  that  success  of  any  suppres¬ 
sive  program  was  related  in  part  to  the  actual  efficiency  of  Atabrine  adminis¬ 
tration  but  that  failure  of  suppression,  even  with  low  Atabrine  plasma  levels, 
was  not  ahvays  a  result  of  failure  to  take  the  drug. 

At  the  same  time,  it  was  realized,  however,  that  during  suppression  there 
was  no  way  to  tell  how  much  malaria  was  actually  present  though  latent  in 
troops.  In  the  absence  of  this  information,  evaluation  of  any  suppressive  pro¬ 
gram  could  never  be  more  than  approximate.  A  study  in  the  Southwest  Pacific 
provided  some  information  upon  this  important  point.^® 

A  previous  study  had  demonstrated  that  after  the  termination  of  at¬ 
tacks  of  clinical  malaria  by  therapeutic  doses  of  Atabrine  a  few  parasites  could 

Final  Report  on  an  Investigation  of  the  Blood  Serum  Level  of  Atabrine  at  Which  Malaria 
Develops  In  a  Hyperendemic  Area.  Special  Report  to  The  Surgeon  General  by  Lt.  Col.  A.  J.  Schaf¬ 
fer,  MC,  and  Capt.  R.  A.  Lewis,  MC,  3  July  1944. 

15  Bang,  F.  B.,  Hairston,  N.  G.,  Maler,  J.,  and  Trager,  W. :  Studies  on  Atabrine  Suppression 
of  Malaria.  II.  An  Evaluation  of  Atabrine  Suppression  in  the  Field.  Am.  J.  Trop.  Med.  26:  753- 
759,  November  1946. 

i«Bang,  F.  B.,  and  Hairston,  N.  G. :  Studies  on  Atabrine  (Quinacrine)  Suppression  of  Malaria. 
III.  The  Epidemiological  Significance  of  Atabrine  Suppression.  Am.  J.  Trop.  Med.  27 :  31-38,  Janu¬ 
ary  1947. 

IT  Bang,  F.  B..  Hairston.  N.  G.,  Trager,  W.,  and  Maier,  J. :  Treatment  of  Acute  Attacks  of 
Vivax  and  Falciparum  Malaria.  Bull.  U.S.  Army  M.  Dept.  7  :  75-89,  January  1947. 
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often  be  found  in  the  blood.  These  numbered  usually  less  than  one  parasite 
per  500  leukocytes  and  ah\  ays  less  than  four  per  500  leukocytes.  Similar  para¬ 
site  studies  were  now  conducted  upon  troops  under  suppression  and  not  infre¬ 
quently,  even  in  the  absence  of  symptoms  and  in  the  presence  of  adequate  Ata- 
brine  plasma  levels,  there  were  positive  blood  smears.  This  was  particularly 
true  when  the  troops  had  previously  had  little  clinical  malaria.  The  more 
attacks  they  had  had  the  less  likely  they  were  to  have  positive  smears.  When 
in  such  surveys  the  number  of  parasites  found  exceeded  four  per  500  leuko¬ 
cytes,  careful  inquiry  and  determination  of  plasma  Atabrine  levels  usually 
disclosed  that  insufficient  Atabrine  had  been  ingested  to  prevent  parasite 
multiplication. 

Wlien  this  method  of  study  was  applied  to  a  group  in  which  malaria  was 
believed  to  be  heavily  seeded  but  well  suppressed,  parasites  were  found  in 
the  blood  smears  of  14  percent  of  the  men.  The  degree  of  seeding  of  the 
group  was  subsequently  shown  by  withdrawing  suppression  and  observing 
that  80  percent  of  the  entire  group  developed  clinical  malaria  within  an 
8-week  period. 

Parasite  surveys  of  this  sort  were  correlated  with  malaria  rates  under 
suppression,  Atabrine  discipline  and  determination  of  Atabrine  plasma  lev¬ 
els.  The  conclusion  drawn  was  that  when  the  suppressive  dose  of  Atabrine 
is  0.5  gm.  twice  weekly,  protection  is  afforded  roughly  98  percent  of  troops 
even  though  engaged  in  combat  in  a  highly  malarious  area. 

An  important  result  of  Atabrine  suppressive  therapy  not  generally  ap¬ 
preciated  goes  more  fundamentally  beyond  postponing  the  evil  day  of  clinical 
attacks  until  suppression  is  withdrawn.  Atabrine  in  suppressive  doses  faith¬ 
fully  taken  not  only  kills  the  gametocytes  of  P.  vivax  but  prevents  the  devel¬ 
opment  of  P.  vivax  and  P.  falcipamm  gametocytes.^®  Epidemics  of  malaria 
result  from  the  availability  of  nonimmune  susceptibles.  anopheles  mosquitoes, 
and  gametocyte  carriers.  The  latter  can  be  controlled  by  Atabrine  suppres¬ 
sion  and  the  relation  of  this  control  to  outbreaks  of  malaria  in  troops  was 
clearly  demonstrated  by  observations  in  the  Southwest  Pacific. 

UNDESIRABLE  EFFECTS  OF  ATABRINE 

Staining  of  the  skin  was  a  distinct  detriment  to  the  use  of  Atabrine  as  a 
suppressive  agent.  The  sickly  yellow  hue  of  most  soldiers  who  took  the  drug 
was  unsightly,  imposed  an  appearance  of  lack  of  vigor,  and  undoubtedly 
played  a  part  in  poor  Atabrine  discipline. 

Gastrointestinal  upsets  resulting  from  Atabrine  were  not  infrequent, 
particularly  when  the  drug  was  first  started  and  more  particularly  when 
loading  doses  were  required.  These  initial  intolerances  almost  invariably 

i^Bang,  B.  F.,  and  Hairston,  N.  G. :  Studies  on  Atabrine  (Qiiinacrine)  Suppression  of  Malaria. 
III.  The  Epidemiological  Significance  of  Atabrine  Suppression.  Am.  J.  Trop.  Med.  27 :  31-38,  Janu¬ 
ary  1947. 
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subsided  in  time  but  they  turned  men  from  the  drug  in  the  beginning  and 
some  of  them  never  accepted  it  willingly. 

More  serious  reactions  occurred  in  numbei-s  that  are  not  exactly  known. 
It  was  demonstrated  beyond  question  that  Atabrine  in  doses  employed  in 
the  treatment  of  clinical  malaria  caused  some  psychoses.^®  It  seems  proba¬ 
ble  that  even  in  suppressive  doses  the  drug  made  a  contribution  to  less  serious 
psychiatric  disorders,  but  accurate  information  on  this  is  not  available. 

A  peculiar  form  of  lichen  planus  was  clearly  related  to  Atabrine  in  sup¬ 
pressive  doses.®®  A  few’  cases  of  exfoliative  dermatitis  were  related  causally 
but  how  much  contribution  suppressive  Atabrine  made  to  ordinary  derma¬ 
tological  disorders  cannot  be  determined.®® 

The  subject  of  Atabrine  toxicity  is  discussed  more  fully  elsew’here  in  this 
history  (p.  538).  The  attendant  discomforts,  and  the  small  risk  of  more  seri¬ 
ous  potential  dangers,  does  not  detract  from  the  enormous  contribution  that 
suppressive  therapy  made  to  the  maintenance  of  the  effectiveness  of  troops 
throughout  the  war. 

19  Newell.  H.  W.,  and  Lidz,  T. ;  The  Toxicity  of  .4tabrine  to  the  Central  Nervous  System,  Am. 
J.  Psychlat.  102;  805-818,  May  1946. 

20  Livingood,  C.  S.,  and  Dleuaide,  F.  R. :  Untoward  Reactions  Attributable  to  Atabrine.  J.A.M.A. 
129 :  1091-1093.  15  Dec.  1945. 

21  Agress,  C.  M. :  Atabrine  as  a  Cause  of  Fatal  Exfoliative  Dermatitis  and  Hepatitis.  J.A.M.A. 
131 :  14-21,  4  May  1946. 

22  Schamberg,  I.  L. :  Studies  on  Post-Atabrine  Dermatitis.  II.  Permanent  Anhidrosis,  Anhi- 
drotic  Asthenia  and  Prolonged  Dermatitis  Following  Atabrine  Dermatitis.  J.  Invest.  Dermat.  21 : 
279-292,  November  1953. 
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Clinical  Aspects  of  Malaria 

Harold  D.  Levine,  M.D. 

To  most  medical  officers,  malaria  was  a  wholly  new  experience.  By  and 
large,  they  had  never  seen  the  disease  before  and  were  not  likely  to  see  it 
again.  Except  such  textbook  knowledge  as  they  might  possess,  they  had 
very  little  basis  for  comparison  of  its  clinical  features  in  World  War  II  with 
previous  observations.  Perhaps  for  this  reason,  perhaps  because  interest  in 
the  bedside  aspects  of  malaria  was  dwarfed  by  the  tremendous  advances  made 
in  the  field  of  personal  and  group  prophylaxis  against  the  disease,  amazingly 
few  attempts  were  made  to  document  its  anamnestic  features,  symptomatol¬ 
ogy,  and  physical  findings. 

Another  reason  may  underlie  the  dearth  of  clinical  data  on  malaria  dur¬ 
ing  this  war  period.  It  is  common  experience  that  the  clinical  picture  of  a 
disease  may  be  modified  by  its  treatment,  particularly  if  the  treatment  is 
effective.  Thus,  full-fledged  use  of  digitalis,  diuretics,  and  salt  manipula¬ 
tions  has  modified  the  clinical  characteristics  of  congestive  heart  failure. 
Likewise,  the  employment  of  antibiotics  has  altered  the  symptomatology  of 
pneumococcal  pneumonia.  The  same  appears  to  have  been  true  of  malaria. 
In  the  overwhelming  majority  of  cases,  therapy  was  promptly  effective  in 
aborting  the  disease.  Except  during  the  very  earliest  phases  of  the  war,  when 
dosage  was  not  yet  adequate,  and  in  some  studies  of  recurrent  cases,  or  in 
therapeutic  malaria  for  neurosyphilis,  in  which  treatment  was  deliberately 
withheld,  the  classical  picture  was  blotted  out  in  its  earliest  stages.  Thus, 
the  spontaneous  pattern  of  a  clinical  attack  of  malaria  was  simply  not  ob¬ 
served  in  its  entirety.  To  most  physicians,  therefore,  malaria  was  a  brief, 
grippelike  illness  with  fever,  chills  and  sweats,  headaches,  and  generalized 
aches  and  pains. 

Source  material  for  the  present  review  consists  of  a  small  collection  of 
documents,  official  and  nonofficial,  particularly  the  reports  from  those  thea¬ 
ters  of  operations  where  malaria  rates  were  highest;  namely,  the  Mediter¬ 
ranean  (formerly  North  African)  Theater  of  Operations,  U.S.  Army,  and 
the  South  and  Southwest  Pacific  Areas.  A  number  of  thoroughgoing  studies 
of  relapsing  malaria  due  to  Plasmodium  vwax  were  also  conducted  in  the 
Zone  of  Interior  at  Harmon  General  Hospital,  Longview,  Tex.  The  author 
has  also  drawn  upon  a  number  of  publications  in  the  medical  literature  and, 
of  necessity,  from  his  personal  experience  with  the  disease.  A  convenient 
baseline  against  which  wartime  clinical  experiences  with  malaria  may  be 
compared  is  a  series  of  papers  entitled  “The  Infection  in  the  Intermediate 
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Host,”  which  appeared  in  “A  Symposium  on  Human  Malaria”  published  by 
the  American  Association  for  the  Advancement  of  Science  in  1941. 

PREDISPOSING  FACTORS 

There  appeared  to  be  two  factoi-s  in  determining  whether  a  clinical  at¬ 
tack  of  malaria,  either  initial  attack  or  relapse,  would  be  precipitated.  One 
was  the  intrinsic  or  host  factor;  after  the  earlier  phases  of  the  war,  this 
boiled  down  simply  to  the  question  whether  the  soldier  was  receiving  opti¬ 
mum  suppressive  doses  of  Atabrine  (quinacrine  hydrochloride).  In  the  ab¬ 
sence  of  adequate  prophylaxis,  a  number  of  extrinsic  factors,  such  as  injuries, 
acute  illnesses,  and  surgical  operations,  appeared  to  be  capable  of  upsetting 
the  delicate  physiological  balance  between  the  micro-organism  and  the  host. 
It  was  common  to  find  malaria  developing  on  surgical,  orthopedic,  or  general 
medical  wards.  In  the  Mediterranean  theater,  Lt.  Col.  (later  Col.)  James  B. 
McLester,  MC,  noted,  during  a  period  when  malaria  transmission  probably 
did  not  occur,  that  malaria  made  its  appearance  in  about  5  percent  of  patients 
with  atypical  pneumonia,  in  a  similar  percentage  of  patients  with  infectious 
hepatitis,  and  in  about  1  percent  of  those  with  trenchfoot.^  Other  factors 
that  were  thought  to  be  important  in  activating  the  disease  were  fatigue  or 
exhaustion,  hemorrhage,  alcoholic  bouts,  the  use  of  anesthetics,  or  exposure 
to  extreme  or  sudden  changes  in  temperature.  There  seemed  little  doubt 
that  once  the  stage  was  set,  any  one  or  more  of  these  factors  could  trigger  a 
clinical  attack.  Contrariwise,  it  must  be  stated  that  in  numerous  trials  it 
was  demonstrated  conclusively  that  even  excessive  physical  activity  was  not 
a  cause  of  breakdown  of  Atabrine  suppression  (“breakthrough”). 

In  addition  to  these  intrinsic  (host)  and  extrinsic  (environmental)  fac¬ 
tors  in  the  precipitation  of  a  malarial  paroxysm,  there  was  the  parasite  fac¬ 
tor.  It  is  well  known  that  there  are  certain  attributes  resident  in  the  indi¬ 
vidual  Plasmodium  itself  that  must  not  only  determine  whether  a  paroxysm 
will  be  inducted  but  what  sort  of  clinical  picture  it  will  present.  In  short, 
although  the  malarial  fevers  possess  certain  common  characteristics,  they  are 
actually  a  group  of  several  distinct  entities  each  with  its  peculiar  attributes 
and  individual  potentialities.^  Most  descriptions  of  the  disease  available  to 
the  writer,  however,  failed  to  distinguish  between  the  various  plasmodial 
species  responsible  for  the  attack.  In  the  text  that  follows,  a  description 
referring  to  a  definite  species  can  be  assumed  by  the  reader  to  be  an  excep¬ 
tion  to  this  generalization  either  stated  in  the  quoted  document  or  person¬ 
ally  known  to  the  author. 

1  McLester,  J.  B. :  Relapsing  Malaria.  M.  Bull.  Mediterranean  Theat.  Op.  3:  111-113,  April 
1945. 

2  Kitchen,  S.  F. :  Symptomatoiogy ;  General  Considerations.  In  Malarioiogy,  A  Comprehensive 
Survey  of  All  Aspects  of  This  Group  of  Diseases  from  a  Giobai  Standpoint.  Phiiadelpbia :  W.  B. 
Saunders  Co.,  1949,  pp.  966-994. 
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PRODROMAL  SYMPTOMS 

Especially  in  cases  that  bejjan  insidiously,  it  was  very  difficult  to  dniw  a 
dividing  line  between  prodromal  symptoms  and  the  actual  onset  of  an  attack 
of  malaria.  Patients  with  a  brisk  onset  often  stated  that  they  had  felt  per¬ 
fectly  well  on  the  preceding  day.  When  proilromata  were  described,  they 
lasted  2  or  3  days  and  were  generally  the  usual  symptoms  of  the  frank  attack 
presenting  in  lesser  intensity.  The  most  fmpient  complaints  were  headache, 
backache,  weakness,  and  generalized  aches.  In  a  study  at  Harmon  Genend 
Hospital  of  435  soldiers  with  malaria  due  to  P.  I'h'ajr  who  were  permitted 
to  relapse,  three-fourths  had  prodromal  symptoms.^  Most  of  the.se  patients 
coidd  reliably  predict  the  imminence  of  an  attack. 

CLINICAL  SYMPTOMS  OF  THE  ACUTE  ATTACK 

Headache. — Headache,  generally  seveiY,  of  a  {wunding  character,  and 
frontal  or  bitemjwnil  in  distribution,  occurred  in  almost  all  cases.  In  some, 
it  was  descrilied  as  having  a  retrobulbar  component.  In  general,  this  symp¬ 
tom  outlasted  the  fever  and  other  symptoms  by  several  days.  In  Phumodium 
fold fhi rum  cases,  it  was  occasionally  the  harbinger  of  an  impending  cerebral 
syndrome.^  In  some  cases  there  was  an  associated  meningismus. 

Chill. — In  80  jiercent  of  the  attacks  observed  in  the  study  at  Harmon 
General  Hospital,  there  was  an  acute  rigor  or  chill;  in  another  8  percent, 
there  was  at  least  a  sensation  of  chilliness. 

Fever. — The  gi'eat  majority  of  patients  showed  fever  peaks  ranging  from 
102°  to  105°  F.  by  mouth.  Since  the  response  to  treatment  was  generally 
prompt  and  convincing,  the  fever  was  generally  interrupted  after  one  or  two 
peaks  so  that  the  remainder  of  the  spontaneous  febrile  pattern  of  the  attack 
was  not  observed.  In  the  study  made  by  Gordon  and  his  coworkers,  well  over 
80  percent  of  patients  had  thus  attained  a  normal  temperature  after  3  days 
of  treatment,  and  over  90  percent  by  5  days  after  the  beginning  of  treatment. 
Although  the  war  experience  afforded  some  opportunity  to  study  the  detailed 
morphology  of  the  fever  courae  in  the  various  forms  of  malaria,  a  careful 
documentation  of  intermittency,  remittency,  periodicity,  regimentation,  an¬ 
ticipation,  postponement  of  fever  peaks,  continued  fever,  or  of  the  fever 
spikes  characterized  as  being  broad  based  or  narrow  based,  could  not  be 
found.  Nor  is  it  clear  that  this  would  have  served  a  useful  purpose.®  In 
the  Southwest  Pacific  Area,  remittent  quotidian  fever  was  seen  more  often 

3  Gordon.  H.  H..  Lippincott.  S.  W..  Marblo,  A..  Ball.  A.  L..  Kllorbrook,  L.  D.,  and  Glass.  W.  W., 
Jr. ;  Clinical  Foatiiros  of  Rolapsins  Plasmodium  Vlvax  Malaria  in  Soldiers  Evacuated  from  the 
South  Pacific  Area.  Arch.  Int.  Mod.  73  : 150-167,  March  194.3. 

4  .\II  material  on  malaria  in  the  Mediterranean  <formerl.v  North  African)  Theater  of  Opera¬ 
tions.  U.S.  Army,  except  when  otherwise  noted.  Is  taken  from  Gols,  Harold  H. :  Human  Malaria 
in  the  North  African  and  Mediterranean  Theaters  of  Operations,  U.S.  Army.  [Oflirial  record.] 

3  Kitchen,  S.  F. :  Falciparum  Malaria.  In  Malariology.  A  Comprehensive  Survey  of  All  Aspects 
of  This  Group  of  Diseases  From  a  Global  Standpoint.  Philadelphia :  W.  B.  Saunders  Co.,  1940. 
pp.  993-1016. 
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than  antiiMpiiteil  and  diis  appaivnth'  witliout  i-e^ard  to  s|K*fies  identification. 
In  general,  initial  attacks  were  much  mort*  likely  to  be  characterized  by  con¬ 
tinued  fever  and  relapses  by  a  hectie  fever. 

Sweats. — l‘n)fuse  jH'rspiration  was  chanicteristic  of  the  overt  paroxysm. 
A  few  obst‘rvei>>  felt  that  a  sweat  out  of  pro|)ortion  to  the  fever  in  the  ab¬ 
sence  of  an  antecedent  chill  was  actually  a  helpful  aid  in  the  diagnosis  of 
malaria. 

Splenomegaly. — .Vt  a  Marine  installation  in  Oregon,®  splenomegaly  was 
noted  in  less  than  5  percent  of  cases  acquired  in  the  Southwest  Pacific  Ami, 
even  after  20  to  .‘50  ivcrudescences.  Transient  spleiuunegaly.  generally  of 
only  mild  degree,  was  detected  in  only  almut  .S  jiercent  immediately  after  acute, 
attacks  of  malaria  caused  by  P.  vivox.  Such  experiences  are  in  conformity 
with  previous  observations  regarding  splenomegaly  in  malaria.  Increa.se  in 
the  size  of  the  spleen  apparently  dejiemls  upon  the  posse.ssion  of  some  degree 
of  immunity.  It  is  also  well  known  that  the  eidargement  rajiidly  iliminishes 
on  cessation  of  the  paroxysm,  particularly  if  interrupted  by  treatment.  In  a 
tabulafioM  of  the  symptoms  of  malaria  as  observed  in  the  Mediterranean 
theater,  based  upon  a  questionnaiiv  stmt  to  medical  officers,  splenomegaly  was 
reporteil  in  a  range  of  from  27  to  Hit  |>ercent.  This  wide  ilivergence  was  at¬ 
tributed  to  differences  in  the  thoroughness  with  which  the  examination  was 
conducteil.  A  low  incidence  was,  however,  reported  from  all  other  theatere 
and  is  jirobably  real.  AVhat  enlargement  took  place  was  not  striking  and  was 
genenilly  transient.  This  low  percentage  of  palpable  spleens  stands  in  markeii 
contnist  to  the  accepted  high  incidence  of  this  finding  in  seasoned  immune 
natives  exposed  presumably  to  the  same  malarial  parasites  as  were  these  un¬ 
seasoned,  nonimmune  tnaips. 

American  medical  officers  who  had  the  opportunity  of  working  with 
Australian  medical  officers  learned  one  technique  of  palpating  spleens  which 
is  worthy  of  rejietition.  USo  far  as  tliis  author  knows,  the  method  is  virtu¬ 
ally  unknown  in  the  Tnited  States.  It  consists  in  having  the  patient  sit  up 
in  IhmI  droojieil  forward  over  his  knees.  A  remarkable  degree  of  relaxation 
of  the  abdominal  muscles  is  often  thus  attained.  With  the  examiner  at  the 
patient's  back,  the  fingere  of  lioth  of  the  examiner’s  hands  are  curled  around 
the  left  lower  flank  of  the  patient  while  the  patient  takes  deep  breaths. 
Frequently,  the  palpating  fingers  can  extend  well  up  under  the  rib  margin. 
In  a  nunilier  of  cases,  the  spleen  can  lie  felt  by  this  methotl  and  by  none 
other.  The  technique  is  perhaps  best  adapted  to  young  individuals  of  inili- 
tarv-  age. 

Hepatomegaly. — In  a  considerable  pereentage  of  cases,  the  liver  was  pal¬ 
pable  one  or  two  fmgerbreadths  below  the  right  costal  margin,  firm,  sharp, 
and  slightly  tender.  Kern  aiul  Norris  found  such  involvement  in  60  percent 

CoBjn'shaU.  I..  T. :  Mnlnrin  and  FIlariaHia  In  tho  Rpturnlne  St'rvicpnian.  Ninth  Charles  Frank¬ 
lin  CrnlR  I,ecture.  Am.  J.  Trop.  Med.  25:  177-184,  May  1&45. 
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of  1,153  cases  of  malaria  seen  on  a  hospital  ship.’  In  the  North  African- 
Mediterranean  theater  this  was  noted  in  from  5  to  20  percent  of  cases.  In 
the  Southwest  Pacific  Area,  this  finding  actually  approached  or  exceeded  the 
frequency  of  splenomegaly.  This  may  be  due  to  the  fact  that  slight  degrees 
of  hepatomegaly  are  more  readily  detected  than  the  slight  degrees  of  sple¬ 
nomegaly  that  occur  in  nonimmune,  promptly  ti-eated  soldiei-s.  It  is  con¬ 
ceivable,  although  less  likely,  that  this  discrepancy  is  related  to  a  predilec¬ 
tion  of  the  Southwest  Pacific  malarial  strains  to  liver  involvement.  This 
observation  appears  to  have  been  anticipated  by  the  peacetime  findings  of 
Gunther,®  who  noted  the  frequent  finding  of  tenderness  in  the  right  hypo- 
chondrium  in  New  Guinea  malaria.  He  designated  this  as  gallbladder  tender¬ 
ness. 

Lymphadenopathy. — It  was  the  observation  of  the  author  that  the  most 
common  cause  of  slight  to  moderate  degrees  of  generalized  glandular  en¬ 
largement  in  the  Southwest  Pacific  Area  was  malaria.  The  pronounced  grade 
of  enlargement  characteristic,  for  example,  of  scrub  typhus  was  never  ob¬ 
served  in  malaria. 

Abdominal  symptoms. — Half  of  the  patients  complained  of  abdominal 
pain.  This  was  more  frequent  on  the  left  than  on  the  right  side  and  occa¬ 
sionally  radiated  to  the  left  lower  chest.  When  bilateral  it  was  generally 
sharper  on  the  left.  Although  this  was  attributed  to  splenomegaly,  the 
spleen  was  felt  in  only  a  minority  of  these  patients.  In  a  quarter  of  the 
patients  the  left  side  of  the  abdomen  was  tender;  in  some  there  was  tender¬ 
ness  on  the  right  side  as  well,  generally  in  the  right  upper  quadrant.  Nausea 
occurred  in  59  percent,  and  vomiting  in  36  percent  of  attacks,  but  trouble¬ 
some  vomiting  was  veiy  infrequent.  The  relative  role  of  treatment  with 
quinine  or  Atabrine  on  the  one  hand,  and  of  the  disease  itself,  on  the  other, 
in  the  development  of  these  symptoms  was  uncertain,  since  treatment  was 
started  promptly  in  the  great  majority  of  cases.  Diarrhea  was  not  uncom¬ 
mon  as  the  presenting  complaint  in  uncomplicated  malaria,  regardless  of  type, 
in  tropical  areas  where  it  occurred  in  mild  form  in  about  10  percent  of  cases. 
This  symptom  was  no  more  common  in  /^  falciparum  cases  but  when  pres¬ 
ent  was  more  severe  and  at  times  dysenteric  and  associated  with  bloody 
stools.® 

Upper  respiratory  symptoms. — These  were  quite  common  and  almost  cer¬ 
tainly  a  part  of  the  disease  itself.  The  most  common  symptom  was  a  dry, 
painless  cough.  This  was  generally  associated  with  musical  rales,  squeaks, 
and  groans  throughout  the  lung  fields,  signs  quite  characteristic  of  bronchial 
asthma  but  disappearing  promptly  on  therapy.  Coryza  and  bronchitis  were 
less  frequent  manifestations.  Malaria  was  frequently  associated  with  bronchi¬ 
tis,  and  roentgenographic  examination  frequently  showed  infiltrations  inter- 

7  Kern.  K.  A.,  and  Norris,  R.  F. :  Liver  Involvement  in  Malaria.  U.S.  Nav.  M.  Bull.  43 :  847- 
858.  November  1944. 

8  Gunther,  C.  E.  M. ;  Practical  Malaria  Control.  Sydney :  Consolidated  Press,  Ltd.,  1943.  p.  47. 

9  Hughes,  S.  B.,  and  Bomford,  R.  R. :  Clinical  Features  and  Treatment  of  Malaria  In  British 
Troops  in  West  Africa.  Brit.  M.J.  1  :  69-73.  15  Jan.  1944. 
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preted  as  the  result  of  complicating  viral  or  bacterial  pneumonia.  It  would 
l)e  difficult  to  determine  to  what  extent  these  were  actually  part  and  parcel 
of  the  malarial  infection. 

Miscellaneous  symptoms. — IIeri)es  labialis  was  seen  in  a  rather  high  i)er- 
centage  of  cases  in  the  Mediterranean  theater.  I’cticaria,  genenilly  transi¬ 
tory,  was  occasionally  seen,  particularly  in  the  earlier  phases  of  the  war 
when  (piinine  was  used  moiv  fre<|uently.  Tinnitus  was  noted  in  alamt  a 
<piarter  of  the  ca.ses.  In  mo.st  patients  with  this  complaint,  it  was  difficult 
to  determine  the  i-elative  role  of  the  distnise  or  the  tmitment  in  its  develop¬ 
ment.  (Vivhral  symptoms  such  as  drowsiness,  fainting,  disorientation,  change 
in  disposition,  or  meningismus  wei-e  complaints  in  a  few  cases  of  malaria  due 
to  P.  fah'iparum.^^  The  pit>mpt  .subsidence  of  these  symptoms  in  malaria 
caused  by  P.  I'iraa-  led  to  the  impi-ession  that  they  wei*e  the  ivsult  of  the 
as.sociated  fever  per  se  and  not  of  cerebral  malaria.  In  the  allege<l  ii’stances 
of  cerebral  malaria  due  to  P.  rtntx  infection,"  the  jwssibility  of  an  unde- 
tectetl  mixed  infection  including  P.  faldpamm  cannot  l)e  e.xcluded. 

In  one  e.xceptional  experience,  a  numl)er  of  patients  with  malaria  pre¬ 
sented  symptoms  suggesting  hyperthyroidism.’-  These  individuals  showed 
prominent  eyes,  loss  of  weight,  sudoi’esis,  wet  palms,  tachycardia,  and  fine 
tremor  of  hands  and  tongue.  The  basi\l  metabolic  rate  was  normal  in  these 
cases. 

COMPLICATIONS  OF  MALARIA 

In  the  past,  involvement  of  every  organ  or  organ  system  has  been  de¬ 
scribed  as  complicating  malarial  fever,  particularly  when  caused  by  P.  faP 
dpanini.  These  have  generally  l)een  ascriljed  to  capillary  infarction  result¬ 
ing  from  agglutination  of  the  parasites  along  the  capillary  endothelium. 
Experience  in  World  War  II  emphasized  the  extreme  infrequency  of  such 
complications  in  adequately  treated  malaria  and  recalled  the  admonition  of 
Stratman-Thomas  that  “the  innumenible  clinical  manifestations,  symptoms 
and  sequelae  which  have  been  ascril»ed  to  malaria  are  unflattering  demon¬ 
strations  of  the  inmgination  ami  credulity  of  the  human  mind.”’-'’  The  fol¬ 
lowing  manifestations  appear,  however,  to  be  fairly  well  documented. 

1.  Cerebral  malaria. — Almost  without  e.xception,  malaria  deaths  were  due 
to  cerebral  involvement."  A  clear-cut  picture  of  just  what  constitutes  cere¬ 
bral  malaria  was  often  difficult  to  draw.’®  Empirically,  the  term  may  be 

»o  Talbot,  I>.  K.  ;  Ni-w  AaiicctM  of  Malaria.  J.A.M.A.  123  :  102-184,  25  Sept.  1043. 

ti  McOinn,  S.,  anil  CarnioUy.  J.  T.  B. :  Cerebral  Symptoma  in  Maiaria.  U.S.  Nav.  M.  Bull.  43 : 
1 157-1 H52.  n<*eember  1844. 

t2  W’jH'ka.  I).  A.:  ObnervatlonH  on  Malaria.  C.S.  Nav.  M.  Bull.  43;  1171-1177,  December  1844, 
Stratman-Tbomaa,  W’arren  K. :  The  Infection  In  the  lnternie<linte  Host :  Symptomatology, 
Vlvax  Malaria.  In  A  Sympoaium  on  Human  Maiaria.  W'aahington ;  American  Aaaoclation  for  the 
Advancement  of  Science,  1841,  pp,  183-188. 

H(l»  Ruaaeil,  Paul  F.,  W'eat,  Luther  S.,  and  Manwell,  Reginald  D. :  Practical  Malariology. 
Philadelphia :  W.  B.  Saundera  Co.,  1046,  p.  283.  (2)  Medical  Department,  United  Statea  Army, 

Preventive  Medicine  in  World  War  II.  Volume  VI.  Communicable  Diaeaaea :  Malaria.  [In  prepa¬ 
ration.] 

15  See  footnote  11.  aliove. 
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applied  to  any  case  exhibitin"  any  one  or  more  of  the  following  findings: 
Meningismus,  convulsions,  pereistent  delirium,  or  well-defined  neurological 
signs.  An  index  of  the  prevalence  of  cerebral  malaria  in  World  War  II  may 
be  taken  from  the  records  of  one  U.S.  Army  general  hospital  in  India  where 
in  6  months  of  1943  there  were  40  cerebral  cases  among  1,764  U.S.  soldiers 
and  100  cases  among  4,295  Allied  personnel.^®  In  the  Mediterranean  thea¬ 
ter,  when  the  bulk  of  our  troops  were  in  Italy,  medical  officers  of  approxi¬ 
mately  25  evacuation,  station,  and  general  hospitals  reported  163  cases  of 
cerebral  malaria.  Of  these,  144  were  recognized  as  caused  by  P.  falcipamm^ 
and  19  were  ascribed  to  P.  vivace.  There  were  11  deaths  due  to  P.  falciparum 
infections,  and  of  these  8  were  cases  of  cerebral  malaria.  Preliminary'  tabu¬ 
lations  of  individual  medical  records  indicate  that  there  were  57  deaths  due 
to  malaria,  all  forms,  originating  in  the  Mediterranean  theater  during  the 
years  1942-45.  Of  these,  27  were  due  to  P.  falciparum  infections.  Usually, 
the  symptoms  made  their  appearance  a  week  or  so  after  the  onset  of  the  clin¬ 
ical  attack  of  malaria,  following  a  day  or  two  of  precoma  with  persistent 
vomiting,  increasing  restlessness,  mental  confusion,  and  severe  headache,  but 
sometimes  cerebral  malaria  developed  abruptly  without  warning  even  after 
1  or  2  days  of  treatment.  Blurring  of  vision  or  diplopia  were  not  uncommon. 
Acutely  developing  psychotic  or  psychoneurotic  states  were  particularly 
alarming. 

After  the  onset  of  the  syndrome,  the  patient  might  show  a  profound 
stupor  deepening  into  a  coma;  he  might  develop  convulsive  seizures*^  or 
exhibit  nuchal  rigidity,  maniacal  states,  or  various  reflex  disturbances.  The 
temperature  would  rise  progressively  or  abruptly  to  extremely  high  levels 
before  death.  In  many  respects,  the  illness  resembled  meningitis,  encephali¬ 
tis,  or  severe  typhus  fever.  The  spinal  fluid  was  generally  under  increased 
pressure.  Half  of  the  spinal  fluids  examined  showed  an  increased  globulin 
content  and  many  showed  cell  counts  ranging  between  20,000  and  30,000.  The 
blood  smear  often  failed  to  reveal  malarial  parasites  until  after  repeated  ex¬ 
amination.  When  recovery  occurred,  it  was  generally  completed,  although 
a  few  patients  showed  residual  cranial  nene  palsies,  hemiplegia,  paresis,  or 
psychosis. 

2.  Other  mvolvement  of  the  nervous  system. — In  the  Mediterranean  thea¬ 
ter,  patients  were  seen  with  peripheral  neuritis  involving  the  lower  extremi¬ 
ties.  Three  patients  exhibited  transient  blanching  of  the  optic  nerve,  one 
facial  neuritis  and  homolateral  brachial  neuritis.  In  one  hospital  in  the 
Southwest  Pacific,^®  16  patients  were  seen  with  a  severe  irritative  neuritis 
with  hyperalgesia,  hyperhidrosis,  and  increase  in  muscle  tone  w’ith  actual  con- 

i8Fitz-Hugta,  T.,  Jr.,  Pepper,  D.  S.,  and  Hopkins,  H.  U. ;  The  Cerebral  Form  of  Malaria.  Bull. 
XJ.S.  Army  M.  Dept.  No.  83,  pp.  39-48,  December  1844. 

Simpson.  W.  M.,  and  Sagebiei,  J.  L. :  Symposium  on  First  Tear  of  Activities  at  U.S.  Naval 
Base  Hospital - ;  Cerebral  Malaria.  A  Report  of  12  Cnse.s  Encountered  at  U.S.  Naval  Base  Hos¬ 
pital - .  U.S.  Nav.  M.  Bull.  41 :  1596-1602.  November  1943. 

18  Harvey.  A.  M. :  A  Type  of  Neuritis  Associated  W'ith  Malarial  Fever.  Bull.  Johns  Hopkins 
Hosp.  75:  225-231.  October  1944. 
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traction  occurring  in  bilaterally  symmetrical  araas,  usually  the  forearm  and 
hand.  Milder  forms  of  neuritis,  occurring  in  18  of  UK)  consecutive  cases  of 
malarial  fever,  presented  only  subjective  manifestations  with  transient  at¬ 
tacks  of  numbness  anti  tingling.  With  recurrent  attacks  of  malarial  fever, 
the  nervous  symptoms  incraasetl.  The  majority  of  these  cases  were  due  to  a 
mixed  infection.  Distinction  had  to  be  drawn  between  these  neuritides  and 
those  following  that  almost  ubiquitous  tropical  disease,  cutaneous  diphtheria. 

3.  lila^Jcicater  fever. — This  was  rara.  Twenty-five  ca.ses  of  acute  hemo¬ 
lytic  anemia  and  hemoglobinuria  wei-e  reported  as  blackwater  fever  from  the 
South  Pacific  Area.  There  were  three  deaths  in  this  group,  a  mucli  lower 
mortality  than  is  usual  for  blackwater  fever.  Fifteen  of  the  twenty-five  cases 
occurml  in  Negro  troops  stationed  on  one  island.^® 

4.  Cardiac  malaria. — Functional  cardiac,  disorders,  such  as  irritable  heart 
with  tachycardia,  premature  beats,  and  systolic  murmurs,  were,  of  course,  not 
extremely  rare  in  patients  during  malarial  attacks  or  between  relapses.  But 
true  organic  cardiac  changes,  such  as  cause  death  from  myocardial  inflam¬ 
mation  or  capillary  infarction,  were  extremely  rare.^  These  generally  oc¬ 
curred  in  individuals  with  malaria  due  to  P.  f  aid  pa  rum.  The  author  saw 
two  such  patients  who  developed  severe  cerebral  malaria  in  the  combat  area, 
both  cases  caused  by  P.  falciparum.  One  had  auriculoventricular  and  intra¬ 
ventricular  block  and  the  other  a  moderately  enlarged,  possibly  dilated  heart. 
Tlie  subsequent  fate  of  these  soldiers  could  not  be  followed.  Two  other  pa¬ 
tients  with  P.  falciparum  infection  died  at  a  nearby  hospital.  Both  showed 
agglutination  of  the  parasites  along  the  capillary  endothelium  in  the  myo¬ 
cardium.-^  This  experience  led  to  the  .suspicion  that  microscopic  coronary 
occlusions  might  be  as  important  a  factor  in  fatal  P.  falciparum  cases  as 
occlusion  of  cerebral  vessels. 

5.  Rupture  of  the  spleen.. — This  was  a  rare  complication  corresponding 
with  the  low  incidence  of  splenomegaly. 

6.  Ocular  complications. — A  few  cases  of  iridocyclitis  coincided  with  at¬ 
tacks  of  malaria.  In  one  patient,  transient  edema  of  the  cornea  occurred  in 
each  of  two  attacks  of  malaria  due  to  P.  vivax  in  the  Mediterranean  theater. 

7.  Medical  shock. — If  nothing  else  was  done  about  the  ancient  terminol¬ 
ogy  of  clinical  malaria,  the  record  was  set  straight  regarding  the  obsolete 
designation  algid  malaria.  The  fact  that  this  is  nothing  more  nor  less  than 
medical  shock  complicating  malaria--  should  have  been  acknowledged  long 
before  World  War  II.  This  reorientation  is  of  more  than  academic  impor¬ 
tance  for  it  provides  the  clinician  with  a  whole  group  of  well-recognized 


19  Harper,  Paul  A.,  Butler,  Fred  A.,  Llsansky,  Ephraim  T..  and  Speck.  Carlos  D. ;  Malaria  and 
Epidemic  Control  in  the  South  Pacific  Aren,  1942-44,  pp.  195-207.  [Official  record.] 

20  SpraBue,  H.  B.  :  The  Effects  of  Malaria  on  the  Heart.  Am.  Heart  J.  31  :  426-4.30,  April  1946. 

21  Merkel,  W.  C. :  Plasmodium  Falciparum  Malaria;  The  Coronary  and  Myocardial  Lesions  Ob¬ 
served  at  Autopsy  in  Two  Cases  of  Acute  Fulminating  P.  Falciparum  Infection.  Arch.  Path.  41 : 
290-298,  March  1946. 

22  Kean,  B.  H.,  and  Taylor,  C.  E.  ;  Medical  Shock  in  the  Pathogenesis  of  Algid  Malaria.  Am. 
J.  Trop.  Med.  26  :  209-219,  March  1946. 
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therapeutic  aids  for  the  treatment  of  this  serious  complication.  The  discov¬ 
ery  of  adrenal  hemorrhages  in  Filipinos  who  died  with  this  syndrome 
suggests  the  feasibility  of  steroid  replacement  thenipy,  but  whether  this 
would  be  a  universal  finding  is  not  known. 

CHRONIC  MALARIA 

All  observers  agreed  that  in  the  absence  of  other  factors,  such  as  con¬ 
comitant  infection  or  malnutrition,  the  classical  textbook  picture  of  chronic 
malaria  was  wasting,  anemia,  and  splenic  enlargement.  It  was  not  observed 
in  the  U.S.  Army,  where  troops  were  well  fed  and  given  adequate  suppres¬ 
sive  therapy.  The  extraordinarily  low  incidence  of  splenomegaly  and  anemia 
has  already  been  discussed.  Due  significance  must  be  accorded  the  role  of 
hydration  and  of  slight  loss  of  weight  as  early  adaptive  processes  attending 
acclimatization  to  the  Tropics — the  former  might  suggest  anemia;  the  latter, 
wasting.^'*  In  contnist  to  the  native  with  chronic  malaria,  exhibiting  the 
characteristic  triad  of  intermittent  fever,  anemia,  and  splenic  enlargement, 
the  U.S.  Army  patients  who  were  incapacitated  between  relapses  presented 
complaints  generally  falling  into  four  categories:  (1)  Neurocirculatory  as¬ 
thenia,  (2)  symptoms  referable  to  the  musculoskeletal  system,  (3)  vague 
symptoms  referable  to  the  central  or  autonomic  divisions  of  the  nervous  sys¬ 
tem,  and  (4)  combinations  of  two  or  more  of  these  three  groups.^® 

A  careful  study  was  made  of  a  very  large  number  of  soldiers  suffering 
from  repeated  P.  vlvax  relapses  and  who  complained  of  not  feeling  up  to 
their  usual  health  between  attacks.^*  These  men  described  the  following 
symptoms:  Weakness,  fatigability,  tension,  excessive  sweating,  headaches, 
exertional  dyspnea,  anorexia,  palpitation,  blackouts,  insomnia,  nervousness, 
splenic  pain,  muscle  pain,  indigestion,  and  urinary  frequency.  These  symp¬ 
toms  Avere  always  extremely  difficult  to  evaluate.  Although  another  group  of 
observers  who  thoroughly  studied  this  symptom  complex  in  50  servicemen 
conceded  that  malaria  itself  might  be  of  prime  importance  in  its  production 
it  was  their  further  conviction,  strongly  concurred  in  by  others,  that  the  way 
in  which  the  individual  adjusted  himself  to  his  malaria  and  to  concurrent 
situational  factors  was  more  significant  in  the  development  of  symptoms,  in 
their  perpetuation,  and  intensification.  It  was  the  impression  of  most  medical 
office  i-s  that  these  were  exaggerated  symptoms  in  men  who  were  actually  more 
interested  in  returning  to  their  homeland  than  in  rehabilitation  for  active 

Garcia,  Eusebio  V. :  Malaria  in  War  and  Peace,  Manila:  Grace  Trading  Co..  1945,  p.  40. 

Lee.  D.  H.  K. :  The  Human  Body  and  Hot  Environments ;  Factors  Influencing  Man's  Reac¬ 
tions  to  Heat  Stress.  [Unpubllsbed  manuscript.] 

25  Levine,  H.  D. :  Medical  Experiences  With  American  Troops  in  the  Pacific,  With  Remarks  on 
the  Diagnostic  Value  of  Sternal  Puncture  in  Malaria  and  on  the  Innocuousness  of  Hookworm  Infec¬ 
tion.  New  England  J.  Med.  235  :  933-938,  26  Dec.  1946. 

26  See  footnote  3,  p.  481. 

27  Tumulty,  P.  A.,  Nichols,  E.,  Singewald,  M.  L..  and  Lidz,  T. :  .An  Investigation  of  the  Effects 
of  Recurrent  Malaria  ;  An  Organic  and  Psychological  Analysis  of  50  Soldiers.  Medicine  25 :  17-75, 
February  1946. 
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duty.  In  the  majority  of  rases,  the  symptoms  ol)viously  were  stroufily  oomli- 
tionetl  by  such  factore  as  e.xposure  to  combat  ami  adverse  liviujr  conditions 
or  previous  iwsonality  problems.  None  of  the  patients  complaining  of 
dyspnea  on  exertion  presentexl  evidence  of  heart  disea.se  as  judged  by  physical 
examination,  exercise  tolerance  tests,  roentgenographic  examinations  or  elec- 
troc*ardiograms.  A  red  blood  cell  count  l)elow  4  million  was  extremely  rare. 
Half  of  them  had  weight  losses  of  from  10  to  .‘10  imunds.  Hut  no  measurable 
ilamage  or  dysfunction  of  the  organ  sy.stems  could  l)e  found.  These  observers 
condemned  the  practice  of  re|)eate«l  or  prolonged  hospitalization  for  these  indi¬ 
viduals,  contact  with  ueurop.sychiatric  patients,  or  with  patients  about  to  be 
returned  to  the  United  States. 

RELAPSES  IN  MALARIA 

The  tendency  of  malaria  due  to  /*.  rtrax  to  recrudescence  was  well  docu¬ 
mented  before  World  War  II,  and  subspecies  variability  in  this  respect  has 
Iteen  recognized.**  Relapsing  malaria  caused  by  P.  riva.r  in  World  War  II 
should  not  therefore  have  beeti  a  surprise,*®  nor  should  the  particular  charac¬ 
ter  of  one  P.  vh'ax  strain  as  contrasted  with  another.*® 

Accurate  statistics  are  not  available,  but  there  can  be  little  doubt  as  to 
the  remarkable  relapsing  tendencies  of  the  P.  c/jvw*  strains  in  the  South  and 
Southwest  Pacific  Areas.  The  author  first  became  aware  of  the  magnitude  of 
this  problem  while  on  detached  service  with  an  Australian  hospital.  The  med¬ 
ical  officers  there,  only  recently  returned  from  service  in  the  Mediterranean, 
were  appalled  by  the  stubborn  relapsing  temlency  of  the  New  Guinea,  strains 
of  P.  vh'ax.  contrasting  with  the  relative  infrequency  of  relapse  in  the  strains 
to  which  they  had  become  accustomed  in  the  Middle  East.  That  this  was  the 
result  of  species  specificity  was  subsequently  confirmed  in  reports  from  Eu¬ 
rope  and  the  Mediterranean  and  in  experience  at  Harmon  General  Hospital 
with  malaria  inocula  of  Pacific  and  Mediterranean  origin.  With  the  Pacific 
strains,  relapses  occurred  in  70  percent  of  cases,  and  75  percent  of  the  relapses 
developed  within  60  days  of  completion  of  Atabrine  therapy.  In  the  Mediter¬ 
ranean  strains,  there  was  a  much  lower  incidence  of  relapses  (30.6  percent  ) 
and  a  much  longer  delay  ( 150  to  200  d.nys)  before  relapse.  There  was  other 
inferential  evidence  that  malaria  caused  by  P.  vivax  in  the  South  Pacific  Area 
differed  from  the  same  type  of  malaria  seen  elsewhere.  Of  the  men  in  that 
area,  57  percent  had  in  excess  of  14  acute  attacks,  some  as  many  as  40.  The 
relapses  appeared  moreover  to  have  a  greater  rhythmicity  and  regularity 
than  those  caused  by  other  strains.*^  It  should  l)e  borne  in  mind  that  all  the 

s'*Huck«>tf,  L.  W. :  Malarin  in  Europe.  An  Ecolopicnl  Study,  London;  Oxford  UniTorsIty  Press, 
19.17. 

Russell,  P.  F. :  Lessons  in  Malarlolofty  From  World  War  II.  Charles  Franklin  Craig  I.ecture, 
194.5,  Am.  J.  Trop.  Med.  26:  5-13.  January  1946. 

•■>0  Essential  Technical  Medical  Data,  European  Theater  of  Operations,  U.S.  Army,  for  May  1944, 
Inclosure  17  thereto. 

31  See  footnote  6.  p.  482. 
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experience  here  clescril)ed  was  derived  chiefly  from  P.  chnix  infections  con¬ 
tracted  by  persons  who  had  no  immunity  whatever  to  malaria.®- 

Malaria  caused  by  P.  falciparum  exhibited  relatively  little  tendency  to 
relapse  in  the  Mediterranean  and  Southwest  Pacific,  and  when  relapse  subse¬ 
quently  occurretl  in  these  cases,  it  was  oidy  occasionally  due  to  this  same 
micro-orfranism.  It  appears  more  than  likely  that  their  ori"inal  infection  was 
actually  a  mixed  one,  P.  falciparum  being  the  dominant  organism  in  the  first 
attack,  the  subse<pient  relapses  resulting  from  the  emergence  of  the  originally 
recessive  P.  rituu'  strain.^  Thus,  in  advance  areas  in  the  Southwest  Pacific, 
P.  falciparum  infections  accounted  for  about  40  percent  of  all  attacks,®*  while 
in  the  rear  nonmalarious  areas  P.  falciparum  was  found  in  only  8  percent  of 
cases,  P.  vira.r  in  (58  percent.  Such  usurpation  of  the  dominant  role  in  the 
relajise  by  P.  riraa'  was  well  known  long  before  the  war.®®  Quartan  malaria 
lias  long  lieen  regarded  as  relapsing  malaria  par  excellence,  but  experience 
with  quartan  malaria  in  "World  War  II  was  too  limited  to  justify  more  than 
passing  mention. 

SUPPORTING  EVIDENCE  FROM  THE  LABORATORY 

Parasite  identification. — Most  of  the  time  during  the  war,  the  diagnosis 
of  malaria  was  made  with  positive  support  from  the  laboratory.  The  tech¬ 
niques  principally  used  have  been  discussed  elsewhere.  Variable  success  was 
reported  in  experiences  with  sternal  puncture.  In  a  number  of  studies,®®  occa¬ 
sional  marrow  smears  were  reported  positive  when  the  thick  and  thin  blood 
smears  were  negative.  Subsequent  improvement  in  the  accuracy  of  routine 
bloo<l  examinations  for  malarial  plasmodia,  however,  dampened  interest  in 
sternal  puncture. 

Blood  studies. — The  white  blood  cell  count  was  generally  below  normal, 
usually  in  the  range  between  4,0(X)  and  6,CK)0  in  the  Mediterranean  theater 
study.  This  fact  was  frequently  of  diagnostic  significance.  In  a  small  per¬ 
centage  of  cases,  a  more  marked  leukopenia  (less  than  3,000)  was  i*ecorded. 
I.ieukocytosis  w;is  seen  under  three  conditions;  namely,  in  the  presence  of  a 
concomitant  or  complicating  bacterial  infection,  in  some  severe  uncomplicated 
cases,  and  in  cerebral  malaria.  In  the  latter  groups,  it  was  apparently  related 
to  necrosis  of  tissues.  Mild  lymphocytosis  was  the  rule.  In  a  series  reported 
from  the  Mediterranean  theater,  45  to  65  percent  of  the  lymphocytes  resembled 
those  observed  in  infectious  mononucleosis. 

IMouaide,  F.  R. :  Chronic  Relapsing  Vlvax  Malaria  in  the  Army,  1942-44.  [Official  record.] 
33  (1)  Malaria  in  the  First  Marine  Division  While  Staged  in  Base  Section  No.  4,  194.3.  [Official 
record.]  (2)  Metcalf,  R.  J..  and  Ungar,  J..  Jr..:  Relapsing  Malaria:  Analysis  of  Cases  from  the 
Solomons.  U.S.  Nav.  M.  Bull.  43 ;  839-870.  November  1944. 

3-*  Baker,  M.  P.,  Lyman,  J.  R.,  and  Coons,  A,  H. :  A  Summary  of  Three  Months’  Experience 
With  Malaria  at  the  103tb  General  Hospital,  U.S.  Army,  Southwest  Pacific  Area,  December  1942- 
February  1943.  [Official  record.] 

3.5  See  footnote  28,  p.  488. 

36  (1)  See  footnote  2.3,  p.  487.  (2)  Jacobson,  B.  M.,  and  Russell,  II.  K.  :  Sternal  Puncture  In 

Diagnosis  of  Malaria.  I’.S.  Nav.  M.  Bull.  45  :  429—432,  September  194.3. 
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The  reported  incidence  of  anemia  was  variable.  Only  one  instance  of 
mild  normocytic,  normochromic  anemia  was  found  in  a  group  of  50  Avell- 
studied  patients  with  malaria  due  to  P.  vivax  at  the  118th  General  Hospital 
in  the  South  Pacific.®^  This  was  the  general  experience.  In  the  Mediter¬ 
ranean  theater,  however,  29.5  percent  of  patients  with  malaria  caused  by 
P .  vivnx  had  red  cell  counts  of  4  million  or  less.  Anemia  was  somewhat  more 
common  in  malaria  due  to  P.  falcipamm,  particularly  during  or  shortly  after 
the  paroxysm.  Counts  of  less  than  SH  million  were  stated  to  have  been  com¬ 
mon  in  P.  falciparum  infections. 

In  a  small  percentage  of  cases,  the  sedimentation  rate  was  inci’eased.  In 
about  half  of  these,  this  finding  was  accounted  for  hj’  some  complicating  in¬ 
fection:  in  tlie  remainder,  it  was  unexplained  and  presumably  related  to  the 
malaria  per  se.  Erythrocyte  fragility  was  probably  normal. 

Serological  tests. — Tlie  serological  tests  for  syphilis  were  frequently  posi¬ 
tive  for  longer  or  shorter  periods  after  the  acute  paroxysms.  The  exact  inci¬ 
dence  of  this  tinding  cannot  l)e  stated.  Dawliei*'*’*  found  false-positive  tests  in 
12.5  percent  of  64  cases  of  malaria,  generally  becoming  seronegative  in  10 
days  after  the  last  chill.  One  case  remained  positive  for  18  days.  At  the 
118th  General  Hospital,  15.6  percent  of  900  cases  of  malaria  ascribed  to 
P.  vlvax  were  positive  to  Kahn  tests.  In  the  South  Pacific  Area,  fal-e  posi¬ 
tive  reactions  were  found  in  51  percent  by  the  Mazzini  test,  47.5  percent  by 
Kahn,  33.6  percent  by  Kline,  20.4  percent  by  Kohner.  10.4  percent  by  Eagle, 
and  5.8  percent  by  the  Hinton  technique.®”  Rosenberg  likewise  found  that 
the  Hinton  test  yielded  the  smallest  proportion  of  falsely  positive  reactions. 
He  found  that  the  strongest  false  reactions  were  obtained  between  7  and  10 
days  after  the  chill  and  persisted  for  4  to  6  weeks.  He  felt  that  persistence 
of  positive  serology  by  any  test  beyond  6  weeks,  in  the  absence  of  continued 
evidence  of  malarial  infection,  should  arouse  the  suspicion  of  syphilis. 

The  complement  fixation  test  for  malaria  in  general  gave  unsatisfactory 
results.  In  the  Mediterranean  theater,  this  was  attributed  to  a  faulty  antigen. 
The  consensus  furthermore  was  that  the  adrenalin  provocation  test  (Ascoli) 
was  not  helpful  in  diagnosis. 

A  number  of  studies  were  made  of  liver  function  in  malaria  patients.  A 
study  of  317  patients  with  chronic  relapsing  malaria  due  to  P.  vivax  at  Har¬ 
mon  General  Hospital  disclosed  transient  disturbances  of  function  but  gave 

37  See  footnote  27,  p.  487. 

3S  Dawber.  T.  R. :  On  the  Importance  of  Malaria  as  a  Cause  of  False  Positive  Serologic  Reac¬ 
tions.  Ann.  Int.  Med.  19:  651-655,  October  1943. 

39  Simpson,  W.  M.,  Leake.  W.  H.,  McMahon,  A.,  Giidex,  T.  V.,  and  Riieckert,  R.  R. :  Symposium 

on  First  Year  of  Activities  at  U.S.  Naval  Base  Hospital - ;  Experiences  With  Malaria  at  an 

Advance  Base  in  the  South  Pacific.  Report  of  4,647  Admissions  at - .  U.S.  Nav.  M.  Bull.  41 : 

1588-1.595,  November  1943. 

■•0  Rosenberg,  A.  A. ;  Effect  of  Malaria  on  Serologic  Tests  for  Syphilis.  Bull.  U.S.  Army  M. 
Dept.  No.  84,  pp.  74-80,  January  1945. 
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little  or  no  indication  of  permanent  hepatic  dysfunction.^'  The  percentage 
of  abnormal  response  to  tests  was  somewhat  higher  in  a  study  conducted  in 
North  Africa,  but  this  was  not  limited  to  I*.  I'h'nj-  cases.  In  this  latter  group, 
the  liver  was  enlarged  in  20  percent  of  cases. 

DIFFERENTIAL  DIAGNOSIS 

The  morbid  conditions  that  had  to  be  ditferentiated  from  malarial  fever 
were  legion.  They  varied,  of  course,  w;  h  geographic  location.  Thus,  sandfly 
fever  (in  the  Mediterranean),  dengue  cr  scrub  typhus  fever  (in  the  Pacific), 
and  pneumonia  (in  Panama)^-  had  to  be  given  important  consideration.  The 
medical  school  teaching  that  it  is  wisest  in  a  given  case  to  explain  a  symptom 
complex  on  the  basis  of  a  single  diagnosis  rather  than  multiple  diagnoses 
was  not  justifiable  in  malarious  areas.  Malaria  being  almost  ubiquitous,  the 
medical  officer  had  to  be  prepared  to  find  it  as  a  complicated  or  a  compli¬ 
cating  disease.  When  the  smear  was  positive,  the  decision  had  to  he  made 
whether  the  Plasmodium  was  there  as  an  active  hidden  partner  or  whether 
this  finding  represented  a  mere  parasitic  I’elapse  of  little  or  no  clinical  im¬ 
portance.  Almost  all  of  the  patients  with  salmonellal  infection  descril)ed  by 
Baker  and  Bragdon,^*  for  example,  showed  smears  positive  for  malaria.  A 
large  majority  of  the  patients  with  scrub  typhus  fever  who  came  to  the  10,5th 
General  Hosj)ital  in  the  Southwest  Pacific  had  positive  smears. 

A  complete  elalmration  of  the  ditfei*ent  conditions  that  would  have  to  l>e 
considered  in  the  differential  diagnosis  would  Iw  too  formidable  a  task  to  he 
undertaken  here.  Such  a  list  would  certainly  have  to  include  tuberculosis, 
typhoid  fever,  amebic  and  bacillary  dysentery,  amebic  hepatitis,  preicteric 
infectious  hepatitis,  meningitis,  Hodgkin's  disease,  .subacute  bacterial  endo¬ 
carditis,  leishmaniasis,  and  schistosomiasis  as  well  as  the  conditions  that  have 
just  l)een  enumerated;  namely,  dengue  fever,  sandfly  fever,  salmonellal  in¬ 
fection,  and  scrub  typlius.  At  time.s,  the  symptoms  of  a  paroxysm  would 
simulate  an  acute  surgical  emergency,  such  as  biliary  colic,  luptured  peptic 
ulcer,  ruptured  spleen,  or  acute  appendicitis.  And  here  again,  with  an  estab¬ 
lished  surgical  condition,  a  complicating  malarial  infection  was  not  uncom¬ 
mon.  At  the  105th  General  Hospital,  for  example,  alxuit  a  fifth  of  the  pa¬ 
tients  with  malaria  were  battle  casualties  on  the  surgical  service.  Hyman 
analyzed  the  records  of  100  patients  admitted  to  a  naval  base  hospital  in  the 
Pacific  with  a  diagnosis  that  was  subsequently  changed  to  inalai'ia."*'  These 
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cases  fell  into  groups  classified  according  to  the  major  predominating  symp¬ 
tom  that  led  to  the  erroneous  diagnoses,  as  follows: 


Diagnotet 

Simulated  diseases  of  the  chest  . 

With  cardiac  symptoms _ 

With  pulmonary  symptoms  . 

Diseases  of  the  abdomen _ 

Stomach  _ 

Liver  and  gallbladder _ 

Spleen  _ 

Appendix  _ 

Diseases  of  the  bones  and  joints 

Diseases  of  the  head  _ 

Brain _ 

Eyes  - 

Other  _ 

Jliscellaneous  _ 

Kidney  _ 

Other _  -  -  -  _ 

Total  -  -  - 


Number 

34 

21 

13 

26 


9 

8 

6 

3 


21 


12 


1 

3 

2 


4 

3 

100 


These  diagnoses  were  made  during  the  early  days  of  the  Solomon  Islands 
campaign  before  most  of  the  medical  officers  had  become  familiar  with  the 
bizarre  manifestations  of  malaria  and  before  an  adequate  schedule  of  Ata- 
brine  suppression  had  been  worked  out. 

SUMMARY 

When  malaria  was  promptly  recognized  and  eflFectively  treated  in  the 
nonimmune  American  soldier  it  was  generally  a  brief,  grippelike  illness  with 
headache,  backache,  pain  in  the  abdomen,  chills  or  chilliness,  nondescript 
fever,  and  sweating.  These  patients  showed  very  little  splenomegaly,  more 
impressive  hepatomegaly.  Diarrhea  and  wheezing  occurred  in  many  of  the 
acute  cases.  There  was  very  little,  if  any,  tendency  to  complication.  Anemia 
was  not  a  problem  in  P.  vivax  infection;  in  some  P.  falciparum  cases  it  was 
a  moderate  and  transient  phenomenon.  The  Pacific  strains  of  P.  vivax 
showed  an  extraordinarily  stubborn  tendency  to  relapse.  Disability  between 
relapses  was  largely  related  to  prolonged  tropical  or  combat  service,  to  ennui 
or  nostalgia,  or  to  the  soldier’s  reaction  to  his  illness.  The  mortality  rate 
was  phenomenally  low.  (See  p.  460.)  Death  was  generally  the  result  of 
cerebral  malaria  due  in  most,  if  not  all,  cases  to  P.  falciparum. 


CHAPTER  XVII 

Treatment  of  Malaria 

Perrin  H.  Long^  M.D. 

INTRODUCTION 

An  interesting  commentary  on  the  state  of  health  of  the  people  of  the 
United  States  at  the  beginning  of  World  War  II  was  that  the  majority  of 
physicians  entering  the  Armed  Forces  had  had  practically  no  experience  in 
the  diagnosis  or  ti-eatment  of  malaria.  To  be  sure,  in  the  medical  school 
courses  of  clinical  microscopy,  each  had  studied  stained  slides  showing  ma- 
lariul  parasites,  or  if  there  happened  to  be  a  patient  in  the  ward  who  had 
malaria  inoculata,  thick  fresh  films  of  blood  might  have  been  examined.  Oc¬ 
casionally  in  seaports,  sailors  suffering  from  malaria  were  seen  on  the  medi¬ 
cal  services,  treated  with  quinine,  and  then  discharged  shortly  after  their 
fever  had  subsided.  As  far  as  malaria  inoculata  was  concemed,  the  problem 
was  often  to  keep  the  infection  from  dying  out  rather  than  to  ari'est  it  by 
treatment.  The  average  younger  American  physician,  except  in  certain  rural 
areas  in  the  Southern  United  States,  hardly  gave  a  thought  to  malaria  and 
was  unconcerned  about  his  lack  of  knowledge  of  this  disesvse. 

When  it  became  evident  in  May  1940  that  the  Armed  Forces  of  the 
United  States  were  going  to  be  sharply  augmented,  the  Surgeons  General 
of  the  Army  and  the  Navy  requested  Dr.  Lewis  H.  Weed,  then  Chairman  of 
the  Division  of  Medical  Sciences  of  the  National  Research  Council,  to  set  up 
certain  consultative  and  advisory  committees.  One  of  the  earliest  of  the 
groups  formed  by  Dr.  Weed  was  that  which,  under  the  chairmanship  of  Dr. 
Henry  E.  Meleney,  devoted  itself  to  problems  of  tropical  diseases.  Of  course, 
malaria  immediately  became  a  prime  subject  for  discussion  by  this  group. 
Out  of  the  work  of  this  subcommittee  came  the  initial  recommendation  for 
the  suppression  and  treatment  of  malaria  with  quinine.  Obviously  in  1940 
and  during  the  first  half  of  1941,  there  was  no  positive  indication  that  the 
Axis  Powers  would  seize  Indonesia,  the  main  source  of  the  world’s  supply 
of  quinine.  Although  Atabrine  (quinacrine  hydrochloride)  and  certain  other 
suppressive  and  therapeutic  agents  were  carefully  considered,  their  use  for 
suppressive  or  therapeutic  purposes  at  that  time  was  always  thought  of  as 
secondary  to  the  use  of  quinine. 

The  military  events  that  occurred  late  in  1941  and  early  in  1942  brought 
a  rude  awakening  to  all  concemed  with  malaria  in  this  country.  With  rela¬ 
tively  small  supplies  of  quinine  on  hand,  the  Japanese  move  into  Indonesia 
and  Malaya,  which  cut  off  the  major  source  of  quinine,  brought  the  Sub¬ 
committee  on  Tropical  Diseases,  National  Research  Council,  to  the  recom- 
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nuMulation  Ihut  the  military  forces  of  the  I'nitecl  States  must  rely  on  Ata- 
hrine  for  the  suppressive  ami  the  specilie  therapy  of  malaria.  At  that  time, 
there  was  relatively  little  in  the  I'.S.  metlieal  literature  ooneerniu};  the  prop¬ 
erties  of  Atahriue.  ami  very  few  American  physicians  hatl  usetl  it  or,  for 
that  matter,  even  heart!  of  it.  Very  little  was  known  about  its  pharmacolo};- 
ical  or  to.xic  projHU'ties.  Schemes  of  therapy,  either  sujjpressive  or  detinitive, 
were  based  on  empirical  ohstu'vat ions  or  even  {jjuesswork.  This  was  the  status 
of  affairs  when  the  Otlice  of  Scientilic  Research  and  Development  initiated 
its  larj;e-scale  research  project  on  Atahrine  in  l{t4'J.  One  of  the  earliest  ap¬ 
plied  projects  was  testinj;  the  druj;  in  normal  human  heinj^s  over  a  j)eriod  of 
weeks  to  determine  its  possible  toxic  effects  when  it  was  u.sed  for  suppre.ssive 
therapy  over  a  long  period.  The  dosage  schedule  emj)loyed  was  0.1  gm.  twice 
a  week.  Various  social  groups,  such  as  students,  ivform-school  inmates,  and 
prisoners  in  penal  institutions,  weiv  employed  as  test  subjects  in  these  early 
trials.  One  of  the  i*esults  of  these  trials  was  extraordinarily  significant.  But 
how  signitioant  it  was,  unfortunately,  was  not  ret’ognized  ttntil,  at  least  in 
the  North  African  (later  Mediterranean)  Theater  of  Operations,  U.S.  Army, 
serious,  if  not  iH‘rmanent,  damage  had  hetm  done  to  the  minds  of  the  military 
relative  to  the  nse  of  Atahrine  for  the  suppression  of  malaria.  It  was  noted 
that  in  the  test  snhjects  there  wei*e  sharj),  i)rostrating  ga.strointestinal  at¬ 
tacks  characterized  by  nau.st‘a,  vomiting,  and  diarrhea  following  the  third 
tlose  of  the  suppressi^'e  medication.  This  o(*c\irred  very  frequently  in  the 
student  group,  very  much  less  frequently  in  the  n‘formatory  inmates,  and 
least  of  all  in  the  iiimates  of  the  State  prisons.  It  was  also  observed  that,  if 
the  therapy  was  contimted,  there  wei’e  very  few  indi\idua]s  who  had  to  dis- 
c<»ntinue  the  Atahrine  lH‘cau.se  of  gastrointestinal  disturbances  following  s»d>- 
.sequent  do.ses  of  Atahrine.  It  Avas  further  noted  that,  if  the  drug  was  given 
in  dosages  of  0.1  gm.  juu’  day,  gastrointestinal  disturbaiwes  were  minimal. 

In  the  North  African  and  Mediterranean  theaters,  where  everything  hav¬ 
ing  to  <lo  with  malaria  was  a  joint  command  and  professional  project  1h‘- 
tween  the  British  and  Americans,  and  for  a  considerable  jAeriod  with  the 
French  and  Italian  foires,  the  author  was  a  meml)er  of  the  Malaria  Com- 
mittw  of  Allied  Force  Ileadcpiarters.  In  January  15)4:5.  this  committee  1h'- 
gan  its  discussion  which  led  to  a  joint  command  directive  regarding  the  u.se 
of  Atahrine  for  the  suppression  of  malaria.  The  author.  rememl)ering  the 
gjistrointestinal  di.sturbances  that  <M*curred  after  the  third  dose  in  the  trials 
in  the  United  States,  held  out  for  a  daily  suppressive  dose  of  Atahrine.  The 
British  and  Fmich  memlKU’s  of  the  committee  re.solutely  opposed  this  method 
of  suppi'ession.  To  make  a  long  story  short,  the  author  Avas  outvoted  and, 
under  the  operational  rules  of  Allied  Force  Ileadquartei’s,  had  to  ac('ept  the 
committee's  decision.  On  22  April  15)4,‘5,  suppressive  therapy  Avas  begun  on 
a  biAveekly  (Monday  and  Thursday)  basis,  O.l  gm.  of  Atahrine  per  dose. 
No  troubles  Avere  encountered  after  the  administration  of  the  first  tAvo  doses. 
The  third  dose  Avas  administered  to  all  troops  at  the  evening  meal  on  Thui*s- 
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day.  21)  April  11)4.'{.  Within  4  or  5  hours,  sh{ir{)Iy  dehned  toxic  i-eactions 
characterized  by  varying  degrees  of  nausea,  vomiting,  and  diarrhea  made 
their  appearance,  (hiriously  enough,  military  personnel  stationed  to  the  rear 
of  combat  elements  suffered  far  more  than  the  fighting  men.  Infantry  units 
of  the  II  Corps  in  combat  in  Tunisia  had  about  5  j)ercent  toxic  reactions; 
whereas,  in  certain  hospitals  and  headquartere  units  in  the  rear,  more  than 
75  percent  of  the  iiersonnel  Avere  affected.  As  one  of  our  British  colleagues 
remarked  the  next  day,  ‘‘it  had  been  a  shaking  experience.** 

I’nderstandably,  as  reports  of  toxic  reactions  piled  into  Allied  Force 
Headquarters  from  all  over  the  North  African  theater,  con.sternation  pre¬ 
vailed.  and  there  Avas  an  immediate  demand  that  suppressive  therapy  be  dis¬ 
continued.  Calm  Avas  eventuall)’  restored,  faith  in  the  use  of  Atabrine  Avas 
reaffirmed  officially,  ai\tl  suppressive  therapy  Avas  continued.  HoAA’ever,  as 
can  Avell  be  imagined,  fhc  damage  Avas  done,  and  it  (*an  be  said  that  through¬ 
out  the  rest  of  the  Av;ir,  discipline  relative  to  suppressive  therapy  Avas  poor 
in  many  units  throuirlumt  the  theater.  Then,  to  compound  confusion,  the 
first  great  seasonal  c[)idemic  of  infectious  hepatitis  occurred  in  American 
troops  beginning  in  August  1943,  and  in  many  quarters  this  epidemic  Avas  at 
fii-st  thought  related  to  the  use  of  Atabrine  for  the  suppression  of  malaria. 
The  author  cannot  determine,  from  the  reports  available  to  him,  Avhether 
similar  incidents  occurred  during  the  initiation  of  suppressive  therapy  with 
Atabrine  in  other  theaters  of  operations.  However,  it  appears  that,  in  all 
areas  in  AA’hich  there  Avas  fighting  and  malaria  Avas  epidemic,  the  discipline 
required  to  carry  out  successful  campaigns  for  the  suppression  of  malaria 
by  the  use  of  Atabrine  Avas  difficult  to  enforce  and  the  terrific  toll  of  in¬ 
effective  military  personnel  resulting  from  malarial  attacks  Avas  directly 
related  to  this  lack  of  discipline.  Command  Avas  not  convinced  of  the  value 
of  suppressive  therapy  Avith  Atabrine  and  did  not,  except  in  a  feAv  areas, 
take  the  steps  necessary  to  make  the  suppressiA'e  program  effective. 

EXPERIENCE  IN  THE  PACIFIC 

Our  military  forces  first  felt  the  impact  of  malaria  on  their  ability  to 
Avage  war  effectiAely  in  the  South  Pacific  Area.  The  experiences  with  ma¬ 
laria  in  that  area  Avere  so  rich  and  varied,  and  such  careful,  large-scale 
studies  Avere  carried  out  on  its  nature  and  the  suppressi\’e  and  therapeutic 
problems  it  posed,  the  reader  is  referred  to  other  volumes  in  the  historj’  of 
the  Medical  Department  in  World  War  II  for  statistical  and  other  details.^ 
The  substance  of  these  observations  is  in  part  summarized  here,  for  their 
bearing  on  treatment. 


1(1)  Medical  Dei»nrtment,  United  States  Army.  Internal  Medicine  in  World  AA'ar  II.  Volume  I. 
Medical  Consultants.  AA'ashini^ton :  IT.S.  Government  Printing  Office,  1961,  pp.  603-618.  (2)  Medi¬ 

cal  Department,  United  States  Army.  Preventive  Medicine  in  AA'orld  AA’ar  II.  A’olume  VI.  Com¬ 
municable  Diseases:  Malaria.  [In  press.] 
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Ill  this  as  in  other  theaters,  most  medical  officers  early  in  the  war  had 
little  practical  knowledge  of  malaria.  Some  few  had  had  clinical  experience, 
mostly  in  the  southeastern  part  of  the  United  States,  and  they  were  disposed 
to  ascribe  “properties  to  quinine  that  it  did  not  possess.”  Such  “malaria 
experts”  scattered  through  many  medical  units  “were  believed  to  have  done 
much  harm,  for  most  of  them  pi’eached  quinine  with  evangelical  zeal  and 
blamed”  everything,  particularly  the  very  difficult  problem  of  controlling 
relapsing  malaria,  “on  the  enforced  use  of  Atabrine.”  Quinine,  in  short  sup¬ 
ply,  was  limited  by  command  to  cases  intolerant  to  Atabrine,  and  the  prob¬ 
lem  of  controlling  relapse  was  not  solved  until  experience  had  taught  the 
pi-oper  use  of  Atabrine. 

According  to  Col.  Benjamin  M.  Baker,  MC,  Senior  Consultant  in  Medi¬ 
cine,  Office  of  the  Surgeon,  South  Pacific  Area,  there  were  few  cases  of  cere¬ 
bral  malaria  (46),  fewer  still  of  severe  anemia  (14),  blackwater  fever  (13), 
and  splenic  rupture  (6).  However,  based  on  sample  tabulations  of  individual 
medical  records,  there  were  no  admissions  for  blackwater  fever  in  the  Cen¬ 
tral  and  South  Pacific  Areas  during  1942-45.  As  in  the  Army  as  a  whole, 
there  were  few  deaths;  in  this  theater,  only  24  were  attributed  directly  to 
malaria  between  3  October  1942  and  1  September  1944.  The  more  virulent 
infections  caused  by  Plasmodium  falciparum  predominated  during  epidemics. 
Infections  with  the  less  virulent  but  stubbornly  relapsing  Plasmodium  vhax 
appeared  in  increasingly  higher  percentages  of  cases  when  troops  were  re¬ 
moved  from  malarious  to  nonmalarious  islands  and  suppressive  Atabrine 
therapy  gradually  withdniwn.  It  was  apparent  that  Atabrine,  even  in  sup¬ 
pressive  dosage,  cured  malaria  due  to  P.  falciparum.  To  this  specific  action 
of  the  drug  has  been  ascribed  the  low  death  rate  and  the  comparatively  low 
incidence  of  malignant  malaria  in  the  Pacific  areas.  The  most  pressing  con¬ 
cern  of  the  U.S.  Army  was  the  very  high  relapse  rate  of  vivax  infections, 
immobilizing  whole  regiments  of  men. 

The  147th  Infantry  Regiment  met  the  enemy,  both  human  and  plas- 
modial,  in  Guadalcanal  (1942-43),  armed  against  the  latter  with  suppressive 
doses  of  quinine  for  a  short  period,  and  Atabrine  later.  In  May  1943,  the 
entire  regiment  was  sent  to  Samoa,  a  nonmalarious  island.  Here,  Atabrine 
therapy  was  gradually  withdrawn,  and  the  men  were  given  no  further  spe¬ 
cific  treatment  until  they  developed  fresh  attacks,  with  the  hope  that  their 
malaria  would  “burn  itself  out.”  The  actual  result  was  the  development  of 
chronic  malaria  with  repeated  relapses  in  the  overwhelming  majority.  It 
was  apparent  that  the  suppressive  therapy  on  Guadalcanal  had  cured  few, 
if  any,  cases  of  malaria  due  to  P.  vivax.  Massive  therapy  was  also  ineffec¬ 
tive  in  curing  latent  vixax  infections.  Before  the  regiment  could  be  returned 
to  active  duty,  suppressive  medication  with  Atabrine  had  to  be  reinstituted. 
This  therapy  effectively  reduced  the  malaria  rate,  and  the  physical  fitness  of 
the  regiment  was  restored. 
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Similar  results  followed  a  similar  attempt  to  “demalarialize’’  the  Amer- 
ical  Division  on  the  Fiji  Islands.  Troops  heavily  seeded  with  malaria  were 
not  well  enough  to  return  to  combat  after  many  months  of  “demalarializa- 
tion.'’  Many  patients  were  evacuated  to  the  Zone  of  Interior,  but  many  re¬ 
mained  in  the  theater,  I’elapsing  rejmitedly.  The  only  reasonable  course  was 
to  I’esume  suppi'essive  therapy  with  the  hope,  but  as  yet  no  certainty,  that 
continued  use  would  materially  reduce  the  staggering  noneffective  rate. 

An  experiment  was  set  up  oik  the  Fiji  Islands  with  combat  units  en¬ 
gaged  in  maneuvers  under  conditions  simulating  those  of  jungle  warfare. 
One  group  was  given  no  suppressive  therapy;  the  other,  sufficient  Atabrine 
to  establish  the  blood  levels  that  had  been  found  to  be  effective.  In  the  con¬ 
trol  group,  the  relapses  continued  to  occur  at  about  the  skime  rate  as  during 
previous  months;  in  the  treated  group,  malaria  was  practically  eliminated. 
The  cases  that  did  develop  were  in  men  who,  like  some  others  obser\'ed  pre¬ 
viously,  exhibited  consistently  low  Atabrine  blood  levels. 

Subsequent  to  this  study,  troops  were  kept  on  suppressive  medication 
whether  they  remained  in  malarious  areas  or  were  sent  to  nonmalarious  re¬ 
gions  for  rest  and  recreation.  First  to  come  under  the  new  policy  was  the 
25th  Infantry  Division,  which  had  become  heavily  seeded  with  malaria  on 
Guadalcanal  and  was  now  removed  to  malaria-fiee  New  Zealand,  where  sup¬ 
pressive  therapy  was  continued.  After  Atabrine  discipline  was  tightened, 
the  results  were  excellent. 

Having  proved  feasible,  the  control  of  malaria  by  continued  suppres¬ 
sive  medication  was  required  by  military  necessity.  Experience  had  show’n 
that  Atabrine  in  suitable  dosage  (0.1  gm.  a  day)  was  an  effective  suppressive 
for  most  if  not  all  primary  malaria  and,  if  continued,  for  recurrent  attacks. 
Nevertheless,  many  questions  remained  in  medical  minds.  Some  feared  that 
relapse  was  only  being  postponed  to  the  day  when  Atabrine  would  finally  be 
withdrawn.  Some  thought  the  parasite  would  acquire  tolerance  to  the  drug. 
Such  considerations  had  an  important  bearing  on  plans  for  reemployment  of 
highly  malarialized  troops,  and  on  treatment  of  troops  in  malarious  areas. 

To  provide  answers  to  many  questions,  a  large  number  of  men  of  the 
147th  Infantry  were  followed  from  Guadalcanal  (November  1942)  to  Iwo 
Jima  (August  1945).  Their  medical  history  “included  heavy  exposure,  light 
exposure,  atabrinization,  de-atabrinization,  long-continued  suppressive  medi¬ 
cation,  and  terminal  de-atabrinization.”  The  observations,  made  on  the  same 
e.xperimental  group  and  covering  this  not  inconsiderable  expanse  of  time, 
space,  and  experience,  appeared  to  justify  the  conclusion  that  long-continued 
suppressive  Atabrine  therapy  does,  in  fact,  ultimately  destroy  a  large  amount 
of  infection  due  to  P.  vivaae.  After  17  months  of  continuous  suppression,  all 
antimalarial  therapy  was  discontinued,  in  the  nonmalarious  environment  of 
Iwo  Jima,  20  months  after  the  last  significant  exposure  to  infection.  Dur¬ 
ing  the  ensuing  3  months,  there  was  only  a  slight  increase  in  the  malaria  rate 
in  contrast  to  the  violent  outbreaks  that  had  followed  the  initial  deatabrini- 
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zation.  It  was,  unfortunately,  not  possible  to  continue  followup  observations 
beyoiul  this  •1-inonth  t)erio(l. 

In  another  coinpivhensive  study,  no  serious  aftereffects  of  malaria  were 

found  in  soldiers  who  had  lH‘en  throimh  inanv  clinical  attacks.  Toxic  reac- 

^  * 

tions  to  Atabrine  were  not  troublesome  in  the  South  I’acitic  Area.  Sij»ns  of 
intolerance  in  the  central  nervous  system  apiteared  in  a  small  «;roup  of  cases 
and  were  carefully  studied;  they  stil)siiled  when  dosage  was  decreased.  In 
comparative  studies,  other  drugs  (Plasmoidiin  naphthoate  (pamaquine  naph- 
thoate),  the  sulfonamides,  totaquine)  ap})eared  to  be  generally  inferior  or 
not  superior  to  Atabrine. 

In  the  Southwest  Pacific  Area,  important  studies  were  cai'ried  out  on 
suppressive  treatment,  such  as  those  in  Australia  by  Lt.  ('’ol.  (later  Col.) 
Garfield  G.  Duncan,  MC,  of  the  American  Army  and  by  Brigadier  X.  Ham¬ 
ilton  Fairley  of  the  British,  and  those  by  Lt.  Col.  (later  Col.)  Maurice  C. 
Pincoffs,  MC,  and  othei's  in  New  Guinea.  The  observations  made  early  in 
the  war  on  that  island  were  probably  the  first  to  demonstrate  clinically  that 
malaria  caused  by  P.  falcipai'um  could  be  cured  by  Atabrine  in  suppressive 
dosage.*  Subsequent  studies  by  Bang  and  others  showed  that  a  certain  con¬ 
centration  of  the  drug  in  the  blootl  was  necessary  for  protection  against  clin¬ 
ical  attacks  and  that  equilibrium  could  l)e  achieved  by  giving  0.1  gm.  daily 
for  6  weeks,  or  0.3  gm.  daily  for  4  days,  and  could  be  maintained  by  continu¬ 
ing  suppressive  doses.  It  was  shown  that  this  treatment  resulted  in  control 
of  gametocyte  carriers  and  this,  in  turn,  prevented  epidemic  outbreaks  of 
malaria  when  troops  Avere  exposed  again  to  infection. 

EXPERIENCE  IN  THE  INDIA-BURMA  THEATER 

Malaria  as  constituting  a  major  medical  problem  in  the  India-Burma 
theater  has  been  presented  in  another  volume  in  the  historj'  of  the  Medical 
Department  in  World  War  II,  from  Avhich  the  following  summary  has  been 
largely  drawn.^  It  is  obvious  that  in  many  instances  information  will  over¬ 
lap.  In  India,  U.S.  troops  were  exposed  to  malaria,  most  of  them  for  the 
first  time,  in  a  vast  region  where  the  incidence  was  something  like  4,000  per 
1,000  per  annum  in  the  population.  An  overnight  journey  by  train  Avas 
likely  to  result  in  clinical  malaria  in  80  percent  or  more  of  the  troops  mak¬ 
ing  the  trip.  Tlie  highest  percentage  of  patients  Avith  malignant  tertian 
malaria  Avas  seen  in  this  theater:  cerebral  malaria  Avas  the  principal  clinical 
problem.  Medical  officers  came  from  the  United  States  unprepared  for  the 
multiform  manifestations  of  the  disease  and  were  often,  particularly  at  first, 
uncertain  in  diagnosis.  As  to  treatment,  there  Avas  much  individual  experi¬ 
mentation.  This  may  have  been  due,  in  part,  to  the  proximity  of  the  Indian 
Medical  Service  and  its  methods  of  therapy;  in  part,  to  delays  in  receiving 

2  Knk*T,  B,  M..  and  Platt,  D. :  The  Effect  of  I.onB-Contlnued  Suppressive  Atabrine  Medication 
on  Relapses  of  Vivax  Malaria.  Tr.  Am.  Clin,  k  Climatol.  A.  58 ;  145-152,  1946. 

•I  See  footnote  1,  p.  495. 
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information  from  the  Surgeon  (lenerul's  Office  on  newer  methods  of  treat¬ 
ment;  and  in  part,  j)erliaps,  to  the  pivsence  in  Army  hospitals  of  highly  in¬ 
dividualistic,  research-minded  medical  officers. 

The  overall  percentage  of  cases  of  malaria  classitied  as  ceivbral,  in  the 
thi*ee  hospitals  where  most  of  them  Aveiv  st*en,  was  1.9  percent.  At  the  20fh 
Oeneral  Hospital,  the  incidence  was  '2.1\  j>ercent  for  all  patients  with  malaria 
and  was  ±2  i>ercent  for  Americans  alone.  At  the  7:id  PIvacuatiou  Hospital, 
during  a  d-month  period,  there  were  .57  cases  of  cerebral  malaria  with  '27 
fatalities,  only  1  an  American.  At  the  48th  Evacuation  Hospital,  ti’eating 
chiefly  (’’hinese  soldiers,  between  April  1944  and  March  1945,  the  mortality 
was  4.‘5  percent,  with  no  deaths  in  Americans.  From  Sejitember  194,‘l  to  May 
1945,  the  14th  PAacuation  Hospital  had  1‘21  cases  with  :i;i  deaths,  all  the 
fatalities  occurring  in  Chinese  patients. 

P.  fafcipanan  was  recognized  as  the  causative  agent  in  most  cerebral 
cases;  some  few  were  ascribed  to  P.  vlvax.  In  the  majority  of  all  .American 
patients  with  malaria,  P.  vivax  predominated;  in  the  majority  of  Ciiinese, 
P.  falciparum  predominated.  Col.  Francis  C.  Wood,  MC.  of  the  2(ith  Gen¬ 
eral  Hospital  thought  that  an  observation  ma<le  there  threw  light  uiKin  this. 
Some  Chinese  patients  were  given  no  treatment  for  several  days  preparatoiy 
to  testing  with  a  new  drug,  at  the  request  of  Chinese  medical  officei-s.  This 
was  Fraxine,  a  preparation  of  unknown  composition  and,  in  the  event,  of  no 
proA’ed  value.  Of  these  patients,  those  with  infections  due  to  P.  vicax  be¬ 
came  symptom  free  in  4  days  without  treatment;  the  infections  with  P.  falci¬ 
parum  did  not  subside  during  this  period.  It  appeared  probable  that  (Mii- 
nese  .soldiers  infected  with  P.  vicax  recovered  .spontaneously  and  were  usually 
not  seen  at  hospitals. 

The  India-Burma  theater  was  established  in  October  1944  when  U.S. 
Army  Forces,  (diina-Burma-India,  was  divided  into  two  separate  theaters — 
the  China  Theater  and  the  India-Burma  Theater.  What  seems  to  have  l)een 
the  first  publication  in  the  theater  on  the  treatment  of  malaria  appeared  in 
the  opening  issue  of  the  Field  Medical  Bulletin.  Headquarters,  Services  of 
Supply,  U.S.  Army  Forces  in  China-Burma-India  (August  1942).  This  was 
a  summary  of  a  pamphlet  issued  by  the  Briti.sh  War  Office  recommending 
treatment  different  from  that  advised  in  Circular  Ijctter  No.  56,  Office  of  the 
Surgeon  General,  I'.S.  Army,  9  June  1941,  entitled  “A  Note  on  the  Treat¬ 
ment  and  Control  of  Certain  Tropical  Diseases.”  In  the  November  1942 
issue  of  the  Field  Medical  Bulletin.  Maj.  Sydney  P.  Wand,  MC,  and  Maj. 
Robert  S.  Crew,  MC,  of  the  159th  Station  Hospital,  presented  “several 
changes  in  the  treatment  of  malaria,”  derived  from  the  School  of  Tropical 
Medicine,  Calcutta,  India.  Finally,  the  Bulletin  in  its  January  1943  issue 
reprinted  Circular  I.<etter  No.  135,  Office  of  the  Surgeon  General,  U.S.  Army, 
dated  21  October  1942  and  entitled  “The  Treatment  and  Clinical  Prophylaxis 
of  Malaria,”  but  in  the  issue  of  February  1943,  Lt.  Col.  Gordon  S.  Seagrave, 
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M(^,  expressed  doubt  oonoerniuj;  the  efficacy  of  Atabrine  and  j)resented  his 
own  views  on  therapy  includinjj  Ihpior  arsenicalis  and  neoaraphenainine. 

The  tlieater  as  a  whole  continued  to  use  the  plan  of  treatment  outlined 
in  (’ircular  letters  Xos.  Ido  and  dd,  the  latter  dated  ‘2  February  l!)4d  and 
entithnl  “Traatnient  and  ('ontrol  of  Certain  Tropical  Diseases.*'  ('ircular 
Ix'tter  No.  dd  wa.s  raphu'etl  by  Circular  liCtter  No.  15d,  Office  of  the  Surgeon 
General,  C.S.  Army,  IS*  Aufjust  l*.)4d,  entitle«l  “The  Dru«r  Tmitment  of 
Malaria,  Suppressive  and  (Minical."  Ity  the  end  of  ll)4d,  installations  in 
heavily  infe.sted  areas  hatl  miched  their  own  conclusions  on  the  basis  of  ex- 
jierience.  The  view  expressed  in  a  s[>ecial  rej>ort  on  malaria  in  the  annual 
raport  of  the  Tdd  Evacuation  Hospital  was  that  all  metho<ls  in  use  there 
were  al)out  e<pially  effective  in  their  end  results  but  that  quinine  and  Ata¬ 
brine  usihI  in  combination  reduced  temjierature  more  rapidly  than  the  offi¬ 
cially  m'ommendeil  therapy.  At  the  48th  Evacuation  Hospital,  Lt.  Col. 
(later  Col.)  Herman  A.  Lawson,  M(’,  and  Maj.  John  A.  Dillon.  MC.  treated 
a  jri’oup  of  Chinese  patients  with  a  somewhat  larj^er  total  dose  of  Atabrine 
than  was  recommended,  but  could  find  no  certain  advantajje.  The  exj^eri- 
ence  of  the  theater  with  the  treatment.  descrilKul  in  Circular  Ij(‘tter  N<».  153 
was  summarixed  in  the  Essential  Technical  Medical  Data  reported  to  The 
Snr<reon  General  for  June  1944.  The  jreneral  «)pinion  was  that  oidy  in  very 
sick  patients  was  it  necessary  to  supplement  Atabrine  with  quinine,  usually 
jriven  by  injection.  Patients  with  cerebral  malaria  were  sometimes  unable  to 
take  oral  medication.  In  such  cases,  bef  .e  paranteral  Atabrine  was  avail¬ 
able.  quinine  was  "iven  intravenously. 

Durinjr  the  period  covered  by  Clijular  lA>tfers  Nos.  135,  33.  and  1.53, 
which  included  all  of  1943  and  most  of  the  malarial  season  of  1944,  occa¬ 
sional  investipdions  were  made,  particidarly  at  the  20th  General  Hospital, 
on  the  effectiveness  of  driiirs  or  combinations  of  drufis  other  than  those  rec¬ 
ommended,  and  also  on  I  lie  side  effects  and  usefulness  of  commonly  used 
drills. 

Tlie  treatment  of  n-lnpse  in  benign  tertian  malaria  with  a  combination  of  Atabrine 
and  Mapharsen  (oxophenarsine  bydrooiiloride)  was  studieil  by  ilaj.  Oilvin  F.  Kay.  MC. 
Relapses  occurred  in  the  group  so  treateil  as  frequently  as  in  those  treatiMl  with  Ata¬ 
brine  alone. 

Fraxine,  a  preparation  useil  by  (Chinese  meiilcal  ofllcers  and  tested  at  their  request, 
proved  of  no  value  in  malignant  tertian  malaria,  and  Its  effectiveness  in  beidgn  tertian 
malaria  was  extremely  doubtful  in  view  of  the  apparent  tendency  of  Chinese  troops  to 
recover  spontaneously. 

A  siieciul  problem  with  Chinese  patients  was  to  keep  them  in  the  hospital.  As  soon 
as  they  felt  better  they  left  or  were  taken  out  by  their  wmniiinding  ofllcers.  To  cir¬ 
cumvent  this,  Maj.  Thomas  E.  Machella,  MC,  .sought  to  devise  a  .safe  and  effective 
method  of  giving  the  total  dose  of  Atabrine  within  24  hours.  A  group  of  80  Chinese 
patients  given  0..d  gm.  of  Atabrine  every  .3  hours  for  eight  <lo.se.s.  did  as  well  or  even 
better,  as  regards  duration  of  fever  and  parasitemia,  as  compared  with  patients  treated 
according  to  Circular  lA>tter  No.  1.53.  Because  2  of  the  80  patients  showed  signs  of 
stimulation  of  the  tentral  nervous  system,  the  dosage  was  re*luce<l  to  0.2  gm.  every  3 
hours  for  eight  doses. 
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An  experimental  study  by  Major  Maehella  failetl  to  demonstrate  any  effeet  of  a 
single  intravenous  infusion  of  an  autiniularial  (Atabriue  or  SN  O/dll)  u|k>u  the  ability 
of  the  liver  to  excrete  brouisuiphaleiu  before,  iluring,  and  after  an  attack  of  malaria. 
Some  patients  with  cerebral  malaria  were  treated  with  a  single  intravenous  infusion 
of  Atabrlne,  the  dose  varying  from  O.d  gm.  to  1.0  gm.  The  patients  who  receiveil  the 
infusion  too  rapidly  liad  brief  psychotic  episodes.  Although  the  uuml)er  of  eases  was 
small,  Major  Maehella  felt  tl»at  Atabriue  was  at  least  as  effective  as  quinine,  and  that 
0.8  gm.  Atabriue  given  bj'  slow  intravenous  drip  was  an  effective  method  of  clearing  the 
bkaal  of  parasites. 

All  three  drugs  ooninioiily  used  in  the  treatment  of  malaria  produced 
reactions.  Plasmochin  pro\cd  to  l)e  particularly  to.xic  in  Xegrties.  Many 
X'egro  patients  from  units  working  along  the  I>‘do-liurma  road  were  seen  at 
the  7.‘kl  Kvacuatiou  and  20th  General  Hospitals.  A  severe  type  of  hemolytic 
reaction  to  Plasmochin  occurred  in  appro.ximately  .‘10  patients.  One.  patient 
was  Chinese  and  the  rest  were  Negroes.  AH  of  them  developed  a  moderately 
severe  anemia;  in  six,  the  erythrocyte  count  fell  below  two  million.  Pecause 
of  tlie  frequency  and  severity  of  these  reactions,  admini.st ration  of  this  drug 
was  stopped  in  all  hospitals  in  the  Assam-liurma  region,  and  eventually  in 
the  theater. 

Quinine  had  long  been  known  to  produce  toxic  etfects.  Used  intraven¬ 
ously  in  cases  of  cerebral  malaria  prior  to  the  advent  of  parenteral  Atabriue, 
it  was  generally  considered  a  lifesaving  procedure.  At  the  48th  Evacuation 
Hospital,  however,  eight  Chinese  patients  died  in  convulsions  shortly  after 
injection  of  quinine.  Although  admittedly  a  cause  and  eflFect  relationship 
could  not  be  proved,  the  clinical  impression  was  so  strong  that  at  this  hos¬ 
pital  any  reasonable  alternative  was  regarded  as  preferable. 

All  the  reactions  commonly  attributed  to  Atabrine  were  seen  in  this  thea¬ 
ter.  including  atypical  lichen  planus  and  various  other  skin  reactions,  toxic 
p.sychoses,  and  the  usual  gastrointestinal  disturbances.  When  suppressive 
treatment  with  Atabrine  was  instituted  in  February  1945,  many  medical  offi¬ 
cers  were  still  apprehensive  of  its  supposed  toxic  potentialities.  Many  symp¬ 
toms  were  attributed  to  Atabrine  without  good  evidence  of  a  causal  relation¬ 
ship,  others  on  a  more  plausible  basis.  The  Air  Transport  Command’s 
division  surgeon,  Col.  Edward  A.  Abbey,  MC,  and  the  chief  of  preventive 
medicine,  Maj.  Edgar  A.  Lawrence,  MC,  reported  on  the  effects  of  continued 
doses  (0.1  gm.  daily)  on  the  visual  acuity  of  airplane  pilots,  concluding  there 
was  no  adverse  effect  except  in  rare,  highly  sensitive  individuals.  In  these, 
withdrawal  of  Atabrine  resulted  in  relief  of  symptoms;  readministration  of 
the  drug  was  followed  by  recurrence,  which  in  turn  was  relieved  by  cessation 
of  suppressive  therapy. 

Varicnis  nonspecific  therapeutic-  measures  were  employeti.  partlculariy  at  the  20th 
Generai  Uospitai,  with  variabie  benefit.  Transfusions  of  whole  bbsKi  were  thought  to 
be  lifesaving  in  some  cases,  espe<-ially  in  those  with  pulmonary  edema.  At  this  ho.spital 
an  initial  spinal  tap  was  considere<I  advisable  in  all  cases.  At  the  7.3d  Evacuation 
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^{oiipitul,  on  the  <‘ontr«ry,  the  mluetioa  of  spirial-tluiil  pressure  hy  luiuhar  pimeture  was 
thought  to  be  appreeiahly  effective  only  in  rare  cases.  At  Isith  hospitals  intravenous 
Atlrenalin  (epinephrine)  was  considensl  of  value  in  some  cases,  but  was  not  in  routine 
tist‘  iMH'uuse  of  untitwiinl  reactions.  Setlatives  were  universally  usetl  for  excitetl  or  con¬ 
vulsive  itatlents.  usually  Amytal  StHlium  or  paruUlehyde  given  intravenously.  Various 
other  measures  were  tried  without  any  striking  Itenetit.  These  included  oxygen  therapy, 
Benzetlrine  (racemic  desoxy-nor-ephetlrine),  ephetlrine,  aminophylline  by  intrti venous  anti 
by  intracarotid  itijection,  and  injection  of  nitroglycerine  into  the  carotid. 


EXPERIENCE  IN  THE  MEDITERRANEAN  (FORMERLY  NORTH 
AFRICAN)  THEATER  OF  OPERATIONS 

Lt.  (^)l.  Harold  H.  (lolz,  ilC,  lS‘2d  Station  Hospital,  and  Maj,  Phillip  B. 
Bleecker,  !MC,  ti'Jnth  Station  Hospital,  collected  and  compiled  extensive  data 
on  the  epideiniolojjy,  clinical  and  laboratory  diagnosis,  clinical  coui’se,  and 
treatment  of  malaria  in  C.S.  Army  troops  in  countries  bordering  the  Mediter¬ 
ranean.  What  follows  is  in  large  part  taken  from  the  final  repttrt  on  malaria 
written  by  C’olonel  (iolz."* 

Throughout  recorded  history,  malaria  played  its  part  in  the  insidious 
defeat  of  armies,  and  here,  in  this  theater  in  World  War  II,  it  rapidly  l)ecame 
the  foramost  medical  problem.  The  vast  majority  of  American  tnx)ps  who 
moved  into  these  highly  malarious  regions  had  never  l)een  exposed  tt)  the 
disease,  and  the  great  majority  of  medical  officers  had  had  no  experience 
with  it.  At  that  time,  the  possibilities  of  drug  prophylaxis  and  suppivssion 
were  only  in  process  of  l)eing  elucidated,  and  mechanical  protection  from 
infection  in  amphibious  operations  could  at  l)est  lx*  only  a  feeble  effort.  For¬ 
tunately,  the  initial  landings  were  made  at  a  season  when  the  incidence  of 
primaiw  infections  was  low. 

The  disease  occurred  throughout  the  theater,  more  intensively  in  certain 
regions.  In  North  Africa,  the  most  highly  malarious  araas  were  in  the  neigh¬ 
borhood  of  Rabat  and  Port  Lyautey  in  Morocco,  the  Constantine  ai*ea  in 
Algeria,  and  the  Tunis-Bizerte-Ferryville  araa  in  Tunisia.  Sicily  had  a  high 
rate  on  the  Catania  plain  and  on  the  southern  coastal  plain.  The  entire  east- 
eni  coastal  plain  of  Corsica  was  highly  malarious,  and  the  malaria  rate  in 
civilians  of  Sardinia  was  the  third  highest  in  the  world.  A  survey  of  802 
children  in  Sardinia  before  World  War  II  showed  that  34.2  percent  had 
positive  smears,  of  which  51.4  percent  were  P.  falciparum  and  43.1  percent 
were  P.  vivax. 

The  worst  malarial  areas  in  Italy  were  in  the  region  of  Salenio  and 
Paestum,  along  the  Volturno  and  Garigliano  Rivers,  about  the  Pontine 
^Marshes,  and  around  tlie  river  mouths  on  the  eastern  coast.  There  was  little 
malaria  in  southern  France,  and  urban  centers  such  as  Florence  were  frae  of 
malaria,  although  it  did  approach  the  municipal  limits  of  Rome  and  Naples. 

Golz,  Harold  H. :  Human  Hnlnrla  In  the  North  .African  and  Mediterranean  Theaters  of  Oper¬ 
ations,  U.S.  Army.  [Offlcial  record.] 
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Based  on  sainpli-  tabulations  of  individual  medical  ivcords,  there  were 
approximately  81,000  cases  (attacks)  of  known  malaria  in  the  U.S.  Army  in 
the  Mediterranean  theater  during  19-12-45.  These  cases  consisted  of  new 
admissions  and  readmissions  as  well  as  admissions  for  other  causes,  but  in 
which  malaria  existed  concurrently  or  develoj)ed  subsequently  (table  54,  ch. 
XIV).  "I'h.ex'e  were  approximately  28.000  cases  of  FUO  (fever  of  i.ndeter- 
mined  origin)  recorded  on  individual  medical  i*ecords  in  the  Mediterranean 
theater  during  the  war  period,  and  of  these,  between  5  and  10  jxercent  were 
probably  malaria.  Assuming  that  7.5  pei-cent,  or  2,100  cases,  of  FUO’s  were 
malaria,  this  number,  when  added  to  the  approximate  81.000  known  malaria 
cases,  produced  about  83,0(K)  probable  cases  of  malaria  in  the  Mediterranean 
theater  during  1942—45.  By  year,  this  meant  that  there  were  less  than  1,0(X) 
cases  in  1942,  about  34,000  in  1943,  40,000  in  1944,  and  8,000  cases  in  1945. 

The  data  on  malaria,  by  month,  in  the  Mediterranean  theater  for  1942-45 
are  shown  in  table  66.  The  1942—43  data  are  based  on  tabulations  of  indi¬ 
vidual  medical  records  and  consist  of  new  cases  admitted  for  malaria  and  new 
cases  in  which  lualaria  appeared  as  a  secondary  diagvxosis.  The  1944-45  data 
are  from  the  statistical  liealth  reports  and  are  in  terms  of  total  malaria 


Table  66. — Malaria  cases  ‘  in  the  Mediterranean  {formerly  North  African)  Theater  of  Opera 

Hons,  U.S.  Army,  by  month,  IO42-40 


(l)iitrt  based  on  tabulations  ot  -iidividual  medical  records  (l!M2-43)  and  statistical  health  re|)orts  (l!a4-1.5)l 
(Rate  expresse<t  lus  nunilM'r  of  cast's  pt'r  annum  iH>r  ,  ,000  average  strenpUi] 


Month 

1942* 

1943 

1944 

1945 

Number 
of  ciutcs 

Rate 

Numlicr 
of  cases 

Rate 

XumlM'r 
of  casv*-' 

Rate 

Number 
of  cases 

Hate 

Jtinuary  _ 

517 

24.  95 

1,  392 

29.  11 

759 

19.  95 

February  ..  _  __ 

214 

10.  28 

2,  214 

46.  61 

636 

15.  98 

March-  _ 

60 

2.  24 

4,  498 

72.  11 

988 

20.  60 

-April _  _ 

86 

2.  89 

4.  222 

80.  24 

1,077 

28.  23 

May _  --  -- 

180 

4.  85 

3,  022 

56.  67 

1,  139 

31.  20 

June,  _  -  - 

1,847 

47.  82 

4,  691 

69.  75 

1,002 

25.  81 

Julv-  _  --  -- 

4,  806 

112.  00 

4,  341 

81.  26 

639 

23.  67 

-August-.  -  _ 

8,  516 

191.  50 

4,  897 

90.  78 

392 

15.  32 

September _ _ _ 

6,047 

129.  78 

4,  870 

73.  88 

111 

7.  90 

October _  . 

6,  235 

122.  93 

3,  270 

60.  96 

32 

2.  96 

November _ 

67 

8-58 

2.  550 

53.24 

2.  030 

38.  04 

21 

2.41 

December  _  _ 

664 

43-  92 

1,753 

34.  85 

1,235 

25.  48 

4 

.  88 

Total--  --  - 

731 

31.  89 

32,  811 

71.84 

40,  682 

61.  67 

6,  800 

20.  52 

■  The  1942-43  data  represent  incidence;  it  consists  of  new  cases  admitted  for  malaria  and  cases  in  which  malaria 
appeared  as  a  secondary  diagnosis.  The  1944-45  <lata  are  in  terms  of  total  malaria  attacks,  which  is  comprised  of  cases 
readmitted  for  malaria  as  well  as  new  primary  and  secondary  ca.ses. 

4  No  troop  strength  present  in  the  theater  before  November  1942. 
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attacks  which  include  readiiiissions  as  well  as  new  cases.  The  statistics  enu¬ 
merate  the  malaria  attacks  as  they  were  diagnosed  and  reported  currently 
and  i-egularly  on  the  statistical  health  report  and  may  include  tentative  diag¬ 
noses.  Such  data  therefore  do  not  tally  identically  with  those  derived  from 
statistical  tabulations  of  individual  medical  records  which  are  based  on  final 
diagnoses.  However,  they  do  provide  a  general  basis  for  epidemiological 
description  of  malaria  in  the  Mediterranean  theater  during  World  War  II. 
The  average  length  of  hospitalization  for  this  disease  in  1943  was  a  fraction 
less  than  17  days,  representing  a  total  of  about  425,000  man-days  lost  during 
the  year  or  the  equivalent  of  the  effectiveness  of  an  entire  division  lost  fv  ' 
a  month.  In  1944  the  average  period  of  hospitalization  was  reduced  to  11.8 
days  but  the  number  of  man-days  lost  for  the  year  was  519,000.  In  the  aver¬ 
age  hospital,  malaria  represented  4  to  5  percent  of  all  hospital  admissions. 

The  geographic  distribution  of  the  cases  broken  down  into  clinical  types 
is  shown  in  table  67.  This  table  shows  only  22.936  cases  and  represents  the 
total  experience  of  32  hospitals  of  all  types  during  their  entire  period  of 
operation  in  XATOUSA  (North  African  Theater  of  Operations,  U.S.  Army) 
to  August  1944.  Table  68  shows  the  incidence  of  clinical  types  for  the  remain¬ 
der  of  1944  and  about  half  of  1945,  Avhen  the  bulk  of  our  troops  were  in  Italy. 

In  the  Sicilian  campaign  (9  July  to  17  August  1943),  the  loss  in  fighting 
effectiveness  in  the  Allied  armies  was  equivalent  to  two  infantry  divisions  and 
exceeded  the  total  number  of  battle  casualties  by  20  percent.  A  large  number 
of  men  also  developed  the  disease  while  in  training  in  areas  of  troop  concen¬ 
tration  in  North  Africa  and  were  unable  to  participate  in  the  invasion.  The 
number  of  troops  thus  affected  was  well  over  a  thousand. 

The  malaria  of  Sicilian  origin  made  its  ai)pearance  in  the  Seventh  U.S. 
Army  and  British  Eighth  Army  after  7  August  1943  and  reached  a  peak  a 
week  later.  The  rates  for  these  two  armies  were  425.43  and  420.39,  respec- 


Table  67. — Experience  of  32  hospitals  with  malaria  during  the  entire  period  of  operation  in 
the  Mediterranean  (formerly  North  African)  Theater  of  Operations,  U.S.  Army,  to  August  1944, 

by  area 


Area 

1 

1  'irax 
(tertian) 
malaria 

Falci¬ 

parum 

(estivo- 

autumnai) 

malaria 

Malarine 

(quar¬ 

tan) 

malaria 

Mixed- 

type 

malaria 

Cnclas- 

sified 

malaria 

Clinical 

malaria 

Total 

j  percent 

Africa _  - 

7,  068 

1,221 

1 

94 

15 

505 

! 

983  1 

9,  886 

43.  1 

Italy _ 

7,  737 

507 

19 

5 

449 

1,329 

10,  046 

43.  8 

Sicily _ 

2,  428 

340 

32 

17 

-  - 

2,  817 

12.3 

Other  areas  * _ 

174 

11 

2 

187 

■  ^ 

Total _  .  _ 

17,407 

2,079 

115 

52 

971 

2,312 

22,  936 

100.  0 

Percent  of  total  _ 

75.  9 

9.  1 

1 

0.  5 

1 

0.  2 

1 

4.  2 

10.  1 

100.  0 

>  Pantcllcria,  France,  Corsica,  and  Sardinia. 
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Table  68. — Malaria  cases  discharged  from  all  hospitals  in  the  Mediterranean  (formerly  North 
African)  Theater  of  Operations,  U.S.  Army,  from  15  September  1944  to  11  May  1945, 

inclusive 


Periotl 

1  Vivax 

j  malaria 

!  Falciparum 

1  malaria 

1  Quartan 
j  malaria 

r 

Mixed  or 
unclassified 
malaria 

Clinical 

malaria 

i 

Total 

New 

Old 

New 

Old 

New 

Old 

New 

Old 

1  New 

Old 

15  Sept.-27  Oct-  _  .  _ 

1,541 

762 

76 

8 

1 

2 

! 

63 

37 

112 

28 

2,  630 

28  Oct  .-8  Dec _ 

1,042 

824 

448 

5 

2 

_ 

18 

15 

152 

56 

2,  162 

9  Uec.-12  Jan _ 

414 

551 

15 

7 

3 

8 

75 

46 

1,  119 

13  Jan.-2  Feb _  _ 

1 

185 

304 

4 

4 

9 

12 

23 

541 

3  Feb.-2  Mar--- 

190 

444 

1 

3 

1 

1 

1 

7 

22 

22 

692 

3  Mar .-30  Mar _  __ 

257 

442 

2 

2 

3 

4 

18 

25 

753 

31  Mar.-27  Apr.. _ 

329 

434 

i  2 

2 

1 

4 

5 

53 

51 

881 

28  Apr .-11  May- _ 

256 

281 

1 

1 

— 

— 

— 

6 

6 

14 

23 

587 

Total _ 

4,  214 

4,  042 

1 

149 

29 

6 

4 

98 

91 

458 

274 

8,  256 

! 

178 

10 

189 

i 

732 

9,365 

Percent  of  total _ 

88.  2 

1.9 

0.  1 

2.0 

7.  8 

100.0 

tively,  although  in  some  divisions  they  were  much  higher.  The  incidence  in 
the  entire  campaign  would  approximate  400  per  1,000  per  annum.  Later, 
strict  control  measures  were  adopted.  The  rates  dropped  steadily,  but  it  was 
not  so  much  the  control  measures  that  were  responsible  for  the  drop  in  the 
malarial  rates  in  Sicily  in  the  fall  of  1943  as  it  was  the  removal  of  troops 
from  hypermalarious  areas  and  the  fact  that  it  was  fall  of  the  year. 

Several  explanatory  remarks  should  be  made  in  referring  to  table  66: 
In  1943,  the  highest  rates  occurred  during  the  summer  months  when  they 
were  expected.  In  October  1943,  when  the  bulk  of  U.S.  troops  were  in  North 
Africa,  there  was  a  rise  in  the  rate  which  was  also  expected  because  of  the 
September  rains,  but  this  rise  did  not  appear  in  1944  when  the  greater  part 
of  U.S.  troops  were  in  Italy.  The  increase  in  malaria  noted  in  1943  cannot 
be  attributed  to  conditions  in  North  Africa.  It  resulted  from  conditions 
existing  on  the  Salerno  beachhead  during  September  and  had  its  origin  in 
the  sharp  increase  in  cases  of  malaria  in  the  Fifth  U.S.  Army  during  that 
period.  The  rates  in  the  winter  of  1943  and  1944  were  relatively  high  during 
the  season  when  few  if  any  primary  cases  occur  and  are  explained  by  the 
relapses  of  primary  infections  incurred  during  the  summer  and  early  fall  of 
1943.  The  withdrawal  of  Atabrine  suppressive  treatment  from  November 
1943  to  May  1944  undoubtedly  played  an  important  role  in  these  rates.  In 
1943,  the  FUO  rate  was  twice  as  high  as  that  in  1944  because,  for  various 
reasons,  the  effort  to  make  laboratory  diagnoses  in  that  year  was  not  as  great. 
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In  the  summer  of  1914,  the  FI70  rate  was  noticeably  higli.  This  can  be 
accounted  for  in  part  by  the  high  incidence  of  pappataci  fever  from  July 
through  September.  Many  medical  officers  were  unfamiliar  with  this  disease 
and  diagnosed  such  cases  as  fever  of  undetermined  origin. 

The  relatively  high  rate  in  August  and  September  1944,  however,  has 
another  explanation.  For  several  months  prior  to  the  invasion  of  southern 
France  (15  August),  three  divisions  that  had  been  withdrawn  from  the  Fifth 
U.S.  Army  and  assigned  to  the  Seventh  U.S.  Army  were  staged  and  trained 
in  a  malarial  area  near  Naples.  These  divisions,  classed  as  noncombat  troops, 
had  malarial  rates  of  130  to  140  per  1.000  per  annum  while  in  training. 

Hospitalization 

Medical  battalions. — Through  the  usual  channels  of  evacuation,  a  sick 
soldier  reached  the  clearing  station  by  way  of  the  battalion  aid  station  and 
the  collecting  station.  At  each  of  these,  the  need  for  hospitalization  and 
treatment  was  evaluated.  IVlien  the  need  was  recognized,  the  patient  was 
evacuated  to  the  next  medical  echelon.  Thus,  he  usually  reached  the  evacua¬ 
tion  hospital  from  the  clearing  station.  At  the  collecting  and  clearing  sta¬ 
tions,  facilities  for  making  the  diagnosis  of  malaria  on  other  than  clinical 
grounds  were  not  often  available  so  that  the  patient  ordinarily  left  the  clear¬ 
ing  station  with  a  diagnosis  of  fever  of  liiidetermined  origin  or,  occasionally, 
suspected  malaria,  without  having  had  specific  treatment.  Under  exceptional 
circumstances  when  the  military  requirement  for  manpower  was  pressing,  a 
diagnosis  of  clinical  malaria  might  be  made  by  the  surgeon  at  the  collecting 
station  on  the  basis  of  a  recent  previous  attack  of  malaria,  a  typical  history, 
and  a  jialpable  spleen.  If  the  soldier  was  only  mildly  ill,  the  surgeon  might 
return  him  to  his  unit  with  instructions  to  remain  at  rest  in  his  tent  for  several 
days,  and  standard  Atabrine  treatment  was  administered  under  the  close 
supervision  of  a  company  aidman.  Although  this  method  of  management  left 
much  to  be  desired,  it  resulted  in  the  saving  of  many  man-days  that  would 
ordinarily  have  been  lost  through  evacuation,  hospitalization,  and  the  process 
of  return  to  unit. 

Evacuation  hospitals. — This  type  of  hospital  was  the  first  stop  in  the 
chain  of  evacuation  where  adequate  facilities  existed  for  making  a  laboratory 
diagnosis  of  malaria.  These  hospitals  used  the  same  diagnostic  methods  as 
employed  in  the  fixed  hospitals  of  rear  echelon.s — namely,  repeated  thick 
smears.  (The  15th  Evacuation  Hospital  took  three  thick  and  thin  smears 
for  routine  examination  and  if  these  were  negative,  a  fourth  was  taken  2 
hours  after  the  subcutaneous  injection  of  0.5  cc.  of  Adrenalin  1 : 1,000.  If  the 
smear  following  Adrenalin  was  negative,  the  diagnosis  of  clinical  malaria 
was  made  only  if  there  was  a  history  of  recent  malaria,  a  typical  clinical 
pictui-e,  and  a  palpable  spleen.)  As  a  result  of  such  careful  methods  of 
examination,  often  done  under  highly  adverse  conditions,  the  diagnosis  of 
clinical  malaria  was  not  often  made  in  evacuation  hospitals. 
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Kvaouation  j)orK'ies  varunl  widely  from  time  to  time  and  were  influenced 
by  (1)  the  anticipated  need  for  l)eds,  (‘2)  the  experience  of  tiie  corps,  army, 
or  bast*  section  snrjjeon,  and  (.‘1)  the  professional  intellijrence  of  the  medical 
ofticer  who  was  tlirectly  I'esponsihle  for  the  administrative  phases  of  evacua¬ 
tion.  Durinjr  the  Sicilian  campaij;n  of  IDdJl,  hundreds  of  patients  sufferinjif 
from  malaria  were  evacuated  from  the  II  (\>rps  area  to  North  Africa  because 
sutticient  beds  for  their  care  were  not  available,  owinjj  to  the  fact  that  the 
Seventh  U.S.  Army  broke  away  from  its  prepared  plan  of  providing  hospi¬ 
talization  and  did  not  call  for  all  of  their  larfje  evacuation  hospitals  until 
after  the  campai<r»  was  over.  In  the  fall  and  early  winter  of  hundreds 
of  patients  ill  with  malaria  were  evacuated  to  ho.spitals  in  the  Peninsular 
liase  Section  l)ecau.se  beds  for  their  care  were  not  (“onsidered  to  be  available 
in  the  Fifth  I’.S.  Army  area,  although  data  on  the  bed  status  during  that 
|)eriod  .show  that  rarely  after  1  Noveml)er  were  there  less  than  1.500  usable 
beds  in  the  Fifth  U.S.  Army  area  aiul  that  generally  the  flgure  for  empty 
beds  was  much  greater.  With  experience,  fewer  and  fewer  malarial  patients 
were  evacuated.  Much  unnecessary  evacuation  of  malarial  j)atients  with  a 
resultant  loss  of  manpower  occurred — both  in  forward  and  in  rear  areas — 
because  many  administrative  otticers  in  charge  of  evacuation  looked  u|)on 
[)alienfs  as  “bodies"  <H‘cupying  space  without  reference  to  their  disease  and 
their  ability  to  return  to  their  units  promptly. 

When  patients  were  evacuated,  they  were  juoved  by  aii*,  rail,  ship,  or 
ambulance  to  the  next  echelon  hospital,  usually  the  general  hospital,  although 
in  certain  instances  they  might  be  .sent  to  a  .station  ho.s2)ital. 

General  hospitals. — By  the  time  the  malarial  patient  reached  the  general 
hospital,  diagnosis  had  usually  been  made  and  treatment  .started.  When  the 
course  of  treatment  was  completed,  the  ])atient  was  given  such  recondition¬ 
ing  as  he  might  re<iuire  and  was  then  returned  to  his  unit  by  way  of  the 
replacement  depot.  Most  general  hospitals  made  the  diagnosis  of  clinical 
malaria  only  in  very  e.xceptional  circumstances,  although  they  concurred  in 
such  a  transfer  diagnosis  when  the  patient  had  already  been  under  treatment. 
When  this  diagnosis  was  made  initially  in  the.se  hospitals,  it  was  usually  in 
cases  in  which,  although  thick  sulcal's  were  negative,  the  patient's  condition 
reipiired  prompt  treatment  and  his  res{)onse  to  specific  treatment  was  typical. 

Fnder  certain  circumstances,  general  hospitals  received  patients  directly 
from  command  by  way  of  a  dispensary.  When  malaria  was  suspected  in  these 
cases,  every  effort  was  expended  to  make  a  laboratory  diagnosis.  At  the  12th 
(leneral  Hospital,  when  the  combination  of  leukopenia,  qualitative  changes 
in  the  lymphocytes  of  the  peripheral  blood,  and  reticulocytosis  was  found, 
repeated  thick  smears  were  taken  without  further  request  from  the  ward 
officer. 

Another  source  of  admission  was  in  transfers  from  station  hospitals  from 
which  the  patients  were  .sent  as  problems  in  disposition. 
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It  was  only  in  the  last,  half  of  1944  that  hospitals  in  this  theater  reclas¬ 
sified  soldiers  to  limited  assi/^nment  because  of  malaria.  This  iwlassiHcation, 
made  but  rarely,  was  usually  applied  to  a  combat  individual  who  had  been 
relatively  noneffective  because  of  i‘e|)eated  hospitalizations  w’ithout,  hoAvever, 
meeting  the  criteria  for  evacuation  to  the  Zone  of  Interior.  Frequently,  letters 
from  unit  medical  officers  requesting  reclassification  accompanied  the  soldier 
to  the  hospital.  The  purpose  was  to  permit  the  combat  unit  to  get  a  more 

.yg  replacement  and  to  move  the  patient  to  an  environment  whei’e  he 

css  likely  to  relapse  and  could  still  be  of  some  use  to  the  service. 

The  theater  policy  for  reclassification  to  (‘lass  C  (return  to  the  United 
States)  for  malarial  patients  was  set  forth  in  (Circular  Ijetter  No.  21,  Office 
of  the  Surgeon,  Headquarters,  NATOITSA,  dated  3  April  1944.  The  criteria 
for  this  classification  were  cachexia,  repeated  attacks  with  pereistent  sple¬ 
nomegaly,  refractory  anemia,  repeated  attacks  of  cerebral  malaria,  and  black- 
water  fever.  This  policy  did  not  envisage  evacuation  to  the  Zone  of  Interior 
for  repeated  attacks  per  se.  A]>proximately  1  ])ercent  of  patients  with  malaria 
eventually  were  sent  to  the  United  States  for  this  cause.  A  review  of  the 
records  of  several  general  hospitals  revealed  the  following  additional  causes 
for  C  classification : 

1.  Chronic  cachexia  with  or  without  persistent  splenomegaly  and  anemia 
in  a  patient  who  had  lost  3  months  or  more  from  duty  in  1  year  because  of 
malaria. 

2.  Proved  intolerance  to  both  Atabrine  and  quinine. 

3.  Treatment-resistant  parasitemia. 

4.  Psychosis  following  falciparum  infections. 

5.  Kepeated  attacks  of  falciparum  malaria. 

Station  hospitals. — These  hospitals  were  not  normally  in  the  chain  of 
evacuation  and  for  the  most  part  received  their  ])atients  directly  from  com¬ 
mand  by  way  of  dispensaries,  although  during  periods  of  peak  evacuation, 
the  station  hospital  might  supplement  the  bed  capacity  of  general  hospitals. 
Many  cases  had  a  laboratory  diagnosis  made  in  the  referring  dispensary,  and 
when  the  report  of  the  smear  acconipanied  the  i)atient  it  was  accepted  with¬ 
out  verification.  Other  cases  arrived  with  the  diagnosis  of  fever  of  undeter¬ 
mined  origin.  Diagnostic  methods  then  employed  were  the  same  as  those 
used  in  the  general  hospitals,  and  a  diagnosis  of  clinical  malaria  w’as  rarely 
made.  For  example,  in  one  station  hospital,  it  was  resorted  to  only  seven 
times  in  more  than  800  malaria  admissions,  and  in  6  of  these  cases,  it  was 
the  transfer  diagnosis  of  patients  already  under  specific  treatment.  Treat¬ 
ment  methods  and  criteria  for  reclassification  to  limited  a.ssignment  wei’e  the 
same  as  those  employed  in  general  hospitals.  When  it  was  felt  that  a  malaria 
patient  should  be  evacuated  to  the  Zone  of  Interior,  he  was  transferred  to  a 
general  hospital  for  disposition. 

Duration  of  hospitalization. — From  the  Machine  Records  Unit,  Allied 
Force  Headquarters,  it  was  determined  that  the  overall  average  period  of 
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hospitalization  for  6,078  cases  of  malaria  in  tlie  8-month  period  between 
September  1944  and  May  1945  was  14.5  days.  This  average  applied  only  to 
cases  discharged  to  general  military  duty  and  did  not  include  reclassified 
cases  or  cases  disposed  of  by  transfer  to  other  hospitals.  When  calculated 
for  type  of  hospital  the  following  averages  were  obtained:  (1)  Field  and 
evacuation  hospitals,  10.4  days;  (2)  station  hospitals,  16.9  days;  and  (3)  gen¬ 
eral  hospitals,  22.6  days. 

Laboratory  procedures. — In  the  early  days  of  this  theater,  the  diagnosis 
“clinical  malaria”  was  made  more  often  than  was  necessary.  Clinicians  had 
no  hesitancy  in  ascribing  responsibility  for  this  to  the  inexperience  of  labo¬ 
ratory  technicians  which  was  undoubtedly  a  factor,  but  clinicians  should  not 
forget  that  their  own  unfamiliarity  with  the  disease  was  as  large  a  factor,  if 
not  larger.  After  more  than  2  yeai-s  of  rich  experience  with  malaria,  most 
hospital  clinicians  and  technicians  had  become  thoroughly  acquainted  with  it. 
These  two  groups  were  mutually  helpful  in  the  quest  for  knowledge  of  this 
disease,  and  certainly  much  credit  for  this  happy  state  of  affairs  can  be 
ascribed  to  those  officers  in  high  echelons  of  the  theater  who  waged  a  relent¬ 
less  war  against  the  diagnosis  of  “clinical  malaria.”  Subsequently,  hospital 
medical  officers  almost  without  exception  preudly  claimed  that  they  rarely 
if  ever  made  the  unsupported  diagnosis  and  they  staunchly  defended  their 
own  technicians  as  experts  in  parasite  identification.  And,  indeed,  the  rank 
and  file  of  laboratory  technicians  in  the  theater  had  become  highly  efficient 
parasitologists;  for  this,  due  credit  must  be  given  to  the  training  courses  for 
technicians  conducted  by  the  malariologists. 

A  note  on  technique  may  not  be  amiss.  All  hospitals  agreed  that  a  thick- 
drop  blood  film  was  indispensible.  In  17  of  20  hospitals  visited,  thick-drop 
examination  was  routine,  and  several  of  these  hospitals  had  dispensed  with 
the  thin  smear  entirely,  maintaining  they  could  identify  the  species  satisfac¬ 
torily  on  the  thick  drop.  In  the  other  three  hospitals,  the  thin  smear  was 
examined  first,  and  if  negative,  the  thick  drop  was  examined.  The  purpose 
was  to  save  time  in  diagnosis,  but  in  Italy,  where  the  ratio  of  P.  vivax  to 
P.  falciparum  was  about  46 : 1,  perhaps  such  urgency  was  unwarranted. 

For  routine  work,  more  than  one-third  of  the  hospitals  preferred  Field’s  stain, 
prepared  fresh  each  week,  kept  cold,  and  filtered  at  least  twice  weekly.  Other  hospitals 
invariably  used  Giemsa  stain  in  preference  to  Wright’s  stain. 

Many  studies  were  carried  out  in  the  laboratories  of  Army  hospitals, 
which  have  been  described  in  detail  elsewhere  (p.  489).  Here  it  may  be  noted, 
that  certain  characteristics  formerly  though  to  be  limited  to  falciparum  in¬ 
fections  were  not  uncommonly  found  with  P.  vivax',  in  particular,  double-cell 
infections,  double-chromatin  dots,  and  marginal  rings. 

Treatment 

Theater  directives. — The  history  of  the  treatment  of  malaria  in  this 
theater  properly  liegins  with  Circular  Letter  No.  6,  Office  of  the  Surgeon, 
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Headquarters,  NATOUSA.  dated  10  April  1943,  in  wliich  the  QAP  (quinine- 
Atabrine-Plasmochiu)  treatment  is  recommended;  that  is,  quinine  0.67  gm. 
three  times  a  day  for  2  or  3  days  to  control  parasitemia,  followetl  by  Atabrine 
0.1  gm.  three  times  a  day  for  5  days  followed  by  a  2-day  rest  i)eriod,  and  then 
0.1  gm.  of  Plasmochin  two  or  three  times  a  day  for  5  days.  Circular  I^etter 
No.  32,  Office  of  the  Surgeon,  Headquarters,  NATOUSA,  3  September  1943. 
amended  Circular  Letter  No.  (>,  eliminating  Plasnux-hin  from  the  schedule 
and  also  recommending,  as  an  alternative,  Atabrine  alone,  0.2  gm.  three  times 
a  day  for  5  days.  Finally,  on  14  September  1943,  Circular  I.ietter  No.  34. 
Office  of  the  Surgeon,  Headquartei*s,  NATOUSA,  advocated  the  Atabrine 
schedule:  0.2  gm.  of  tlie  drug  every  6  hours  for  five  doses  followed  by  0.1 
gm.  three  times  a  day  for  6  days.  Circular  Letter  No.  10,  Office  of  the  Sur¬ 
geon,  Headquartere,  NATOUSA,  dated  15  Februaiy  1944,  rei-ommended  that 
for  third  and  subsequent  relapses  quinine  l)e  used  in  a  dosage  of  1.0  gm.  three 
times  a  day  for  3  days  and  then  0.3  gm.  three  times  a  day  for  10  days.  Cir¬ 
cular  Letter  No.  41,  Office  of  the  Surgeon,  Headquarters,  NATOUSA,  dated 
29  July  1944,  rescinde<l  Circular  I^etter  No.  10  in  view  of  the  fact  that  the 
use  of  quinine  in  the  therapy  of  relapsing  malaria  had  shown  no  advantages 
over  the  use  of  Atabrine. 

Atabrine. — This  therapeutic  Atabrine  dosage  scheme  was  found  to  be 
safe,  effective,  and  productive  of  results  equally  as  good  as  those  obtained 
with  quinine.  Formerly,  it  had  been  observed  that  Atabrine  did  not  effect  a 
temperature  drop  as  promptly  as  did  quinine.  At  that  time,  it  was  not  the 
practice  to  administer  loading  doses  of  Atabrine  during  the  first  day  or  two 
of  treatment.  This  objection  was  largely  eliminated  after  it  was  found  that 
the  plasma  concentration  of  the  drug  was  a  measure  of  its  therapeutic  effec¬ 
tiveness  and  that  effective  levels  were  more  rapidly  attained  when  larger  doses 
were  given  at  the  start  of  a  therapeutic  regimen. 

It  was  the  experience  of  all  the  medical  officers  of  the  !MediteiTanean 
theater  that  many  soldiers  said  they  were  intolerant  of  Atabrine,  but  when 
the  drug  was  given  in  either  suppressive  or  therapeutic  doses,  no  such  intoler¬ 
ance  was  demonstrated.  Toxic  reactions  from  therapeutic  Atabrine  were 
extremely  rare.  There  were  probably  few  if  any  medical  officers  in  this  thea¬ 
ter  who  were  not  finally  convinced  that  Atabrine  was  at  least  as  effective  and 
safe  as  quinine.  This  attitude  represented  a  complete  reversal  of  opinion 
within  2  years  and,  as  such,  was  an  eloquent  testimonial  to  the  value  of  the 
drug.  When  Atabrine  was  introtluced  as  a  suppres.sant  in  doses  of  0.2  gm. 
twice  weekly  2  years  before,  there  was  such  an  explosive  outbreak  of  gastro¬ 
intestinal  symptoms  that  the  drug  fell  into  some  measure  of  disrepute,  ^fedi- 
cal  officers  were  wary  and  suspicious  of  it,  and  only  its  continued  use  at  the 
insistence  of  higher  authority  served  to  dispel  these  fears.  A  few  officers 
still  remained  somewhat  reluctant  to  accept  Atabrine  as  the  dnig  of  choice. 
They  Avere  mainly  physicians  who  had  become  thoroughly  indoctrinated  with 
the  virtues  of  quinine  when  it  was  the  only  efficient  antimalarial  available. 
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The  chief  remaining  differences  of  opinion  regarding  the  effectiveness 
of  the  two  drugs  were  concerned  with  the  speed  of  action  in  bringing  tlie 
temperature  into  the  normal  zone.  When  Atabrine  was  given  as  directed  in 
Circular  Letter  No.  34  and  (luinine  as  directed  in  Circular  I^etter  No.  10, 
many  officers  thought  that  quinine  brought  the  temperatui-e  to  normal  24  to 
48  hours  sooner  than  did  Atabrine  and  that  in  most  cases  patients  did  not 
have  another  chill  after  quinine  was  started,  whereas  most  had  one  additional 
paroxysm  after  Atabrine.  A  smaller  group  of  officers  could  observe  no  differ¬ 
ence  in  this  respect  between  the  two  drugs,  aiul  a  small  minority  thought  that 
Atabrine  produced  fa.ster  results.  Obviously,  these  differences  of  opinion 
were  largely  due  to  the  fact  that  they  were  based  upon  clinical  impre.ssions. 
The  only  factual  data  on  the  subject  were  gathered  by  Capt.  (later  Maj.) 
Franklin  K.  Paddock,  MC,  of  the  33d  General  Hospital  on  28  cases  treated 
with  quinine  and  24  cases  treated  with  Atabrine,  in  such  dosage  as  has  been 
described.  His  results  are  summarized  in  table  61)  and  show’  that  there  was 
little  difference  between  the  two  drugs. 


Table  60.  Rf.^iiUs  of  -■'  kIij  of  duration  of  fever  after  start  nf  treatment  in  28  quinine-treated 

cases  and  24  Atahrine-trented  cases  of  malaria 


Duratinii  of  ff%er 
(<lays) 

(juiiiino 

•Atabrlno 

.N'uinl>pr 

Perw'nt 

Numl)er 

Percent 

1 . . . . . . 

14 

85.  7 

j 

24 

100.0 

2 _ _ _ - 

21 

75.0 

22 

91.  7 

3 _ _ _ 

13 

46.  4 

^  i 

29.  2 

4 _ _ _ _  .. 

2 

7.  1 

2 

1 

8.  3 

In  many  hospitals,  0.4  gm,  Atabrine  by  intramuscular  injection  was  sub¬ 
stituted  for  the  initial  dose  of  0.2  gm.  Atabrine  given  orally.  Officers  who 
used  this  modification  of  the  routine  plan  were  enthusiastic  over  the  results. 
There  were  no  toxic  effects;  temperatures  fell  to  normal  within  hours; 
there  w’as  no  secondary  rise  in  temperature  and  no  additional  paroxysms; 
and  convalescence  was  quicker.  Several  other  hospitals  initiated  treatment 
with  0.2  gm.  given  intramuscularly.  The  results  were  not  as  good  as  with 
the  larger  dose.  The  118th  Station  Hospital  gave  0.4  gm.  Atabrine  orally  in 
one  dose  and  followed  it  with  0.1  gm.  three  times  daily.  Ile.sults  were  said  to 
be  comparable  with  those  obtained  from  the  larger  of  the  doses  given  intra¬ 
muscularly. 

Plasmochin. — The  drug  was  dropped  from  the  therapeutic  armamentar¬ 
ium  early  because  no  peculiarly  beneficial  effect  was  ascribed  to  it  and  because 
of  the  narrow  margin  of  safety  between  tlierapeutic  and  toxic  doses. 

Quinine. — For  reasons  of  supply,  its  use  was  limited.  Patients  were  occa¬ 
sionally  seen  who  failed  to  respond  to  quinine  given  orally  and  in  whom  no 


512 


INFECTIOUS  DISEASES 


trace  of  the  clruj?  coiihl  Ije  fouiul  in  the  urine.  In  certain  tyi)es  of  cases,  it 
was  fiwly  used  intravenously,  in  all  instances  well  dilnteti  and  given  slowly, 
('ircular  lettei’s  directed  that  quinine  shoidd  1h^  administeml  in  at  least  .‘WH) 
cc.  of  normal  saline  or  glucose  and  .saline.  Reactions  other  than  mild  cin- 
chonism  weiv  not  seen.  In  cerebral  malaria,  this  was  the  routine  inethml  of 
tivatment.  It  was  usually  given  in  infec'tions  with  /*.  fiilrtpanan  when  pa¬ 
tients  were  vomiting.  One  hospital  gave  at  least  one  dose  of  quinine  intraven¬ 
ously  in  all  fofriparum  infections.  The  dose  employed  was  almost  invariably 
10  gr.,  and  it  was  reja'ated  at  <»-  to  H-hour  intervals  when  necessary. 

Sulfonamides. — Occasionally,  a  mis<liagnosed  case  of  malaria  was  treated 
with  one  of  the  sulfonamide  drugs.  It  was  observed  that  the  drug,  usually 
sulfadiazine,  did  suppress  clinical  symptoms  and  parasitemia.  A  few  reports 
were  received  indicating  that  .sulfadiazine  in  full  theniimitic  doses  might 
possess  some,  merit  in  the  treatment  of  iafnpartmi  gametm-ytemia  resistant 
to  Atahrine  and  quinine. 

Sontoquine. — .V  limited  supply  of  Sontoquine  bisulfate  and  Sontoquine 
naphtholate  was  m'eived  in  the  theater  and  divided  Ijetween  the  225th  and 
lH2d  Station  Hospitals.  It  was  planned  that  each  hospital  should  treat  equal 
numl)ers  of  malaria  cases  with  each  of  the  two  drugs  and  that  a  third  group 
should  l)e  treated  with  Atahrine  for  comi>arison.  Unfortunately,  the  experi¬ 
ments  were  utidertaken  at  a  season  when  the  malaria  rate  was  the  lowest  in 
theater  history',  and  durittg  the  |)erio<l  of  study  both  hospitals  were  moved  to 
other  lo<*ations  in  Italy.  (’onse<iuently,  a  total  of  oidy  14  cases  were  studied 
in  the  two  hospital.s.  Of  these,  eight  patients  received  Sonto<]uine  and  six 
patients  received  Atahrine.  The  dose  of  all  three  drugs  was  0.2  gm.  every 
fi  hours  for  five  doses  and  then  0.1  gm.  three  times  a  dav  for  fi  dav.s.  There 
was  no  difference  noteil  lietween  the  two  salts  of  Sontoquine  and  no  difference 
lietween  these  drugs  and  Atahrine.  lemperatures  returned  to  normal  and 
blooil  .smears  were  negivtive  within  48  hours  in  the  patients  treated  with  Sonto¬ 
quine  and  in  all  but  one  of  the  patients  treated  with  Atahrine.  This  one  pa¬ 
tient  had  fever  and  positive  smears  until  the  fifth  day  of  ti-eatment.  No  sign 
or  symptom  of  intolerance  to  Sontoquine  was  noted,  and  repeated  blood 
counts  and  urinaly.ses  failed  to  show  any  ill  effects  whatsoever.  It  was 
planned  to  continue  this  study. 

Iron. — Routine  use  of  iron  in  all  cases  of  malaria  in  some  hospitals  was 
thought  to  speed  convalescence. 

Other  measures. — Intravenous  glucose  and  saline  were  freely  used  to 
combat  dehydration.  In  vivnx  cases  with  vomiting,  the  fluids  often  seemed 
to  allay  this  symptom  so  that  patients  could  retain  oral  therapy.  One  hos¬ 
pital  reported  that  a  single  dose  of  morphine  had  a  similar  effect. 

In  patients  gravely  ill  with  fold  pa  mm  infections,  repeated  infusions  of 
plasma  and  whole  blood  were  frequently  employed.  Several  medical  officers 
felt  that  these  measures  were  frequently  lifesaving. 
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Treatment  To  Reduce  Relapse  Rate 

Throughout  tlie  entire  history  of  tlie  theater,  oliicei's  were  seaivliing  for 
a  therapeutic  regimen  that  would  reduce  the  relapse  rate  in  vivax  infections. 
The  7th  Station  Hospital  reported  that  relapse  after  Atabrine  treatment 
appeared  to  be  considerably  delayed  and  that  recurrence  frequently  followed 
quinine  treatment  within  a  matter  of  days  or  weeks. 

Many  different  dosage  schedules  and  combinations  of  Atabrine,  quinine, 
and  Plasmochin  were  used  in  the  various  hospitals  and  some  of  these  pro¬ 
grams  required  weeks  of  hospitalization.  The  criticism  common  to  all  of 
these  studies  was  that  they  were  done  in  only  a  very  small  series  of  cases; 
they  were  not  controlled,  and  followup  studies  were  either  inadequate  or 
completely  lacking.  It  is  perhaps  significant  that  not  a  single  officer  was 
found  who  had  any  faith  whatsoever  in  any  of  these  or  other  plans  of  treat¬ 
ment  designed  to  prevent  relapses.  For  the  sake  of  interest  and  completeness, 
several  of  these  plans  will  be  noted. 

One  hospital  supplemented  routine  Atabrine  or  quinine  treatment  with  a  modified 
Ascoll  treatment  plan.  Adrenalin  was  given  intravenously  in  graduated  doses  begin¬ 
ning  with  0.01  mg.  and  Increasing  to  0.1  mg.  or  to  tolerance.  Eight  patients  received 
this  treatment  daily  for  15  days  and  four  received  it  twice  daily  for  10  days. 

Another  hospital  gave  quinine  intravenously  with  Adrenalin  three  times  dally  for  7 
days.  Another  hospital  gave  0.2  gm.  .\tabrine  every  (J  hours  intramuscularly  followed 
by  0.2  gm.  twice  daily  by  the  same  route  for  6  days.  The  local  elTe<*ts  were  .said  to 
have  been  disagreeable. 

Still  another  hospital  gave  a  routine  course  of  quinine  followed  by  a  routine  course 
of  Atabrine  followed  by  four  weekly  doses  of  Mapharsen.  Another  hospital  gave  a  rou¬ 
tine  course  of  Atabrine,  followed  by  a  routine  course  of  quinine,  followed  by  a  routine 
course  of  Atabrine.  On  the  first  day  of  treatment  the  patient  received  0.4  gm.  bismuth 
subsalicylate,  intramuscularly,  and  on  the  7th,  14th,  and  21st  day.s,  0.2  gm.  In  addition 
he  received  (50  mg.  of  Mapharsen  twice  weekly  for  six  doses. 

In  many  of  the  above  instances  patients  relapsed  within  a  month  or  two  after  com¬ 
pletion  of  treatment. 

Capt.  (later  Maj.)  John  C.  Ransmeier,  MC,  of  the  300th  General  Hospital  treated 
three  cases  of  relapsing  vivax  malaria  with  Fuadin  (stibophen)  (one  with  quinine  as 
well,  two  with  Fuadin  only)  reasoning  that  its  penetration  into  the  cells  of  the  reticu¬ 
loendothelial  system  might  be  effective.  One  patient  received  6  daily  doses  of  5  cc. 
intramuscularly,  another  10  cc.  doses  daily,  and  the  third  10  doses  of  5  cc.  each  at  24- 
to  48-hour  intervals.  The  patient  wlio  received  quinine  as  well  was  followed  for  only  1 
month,  during  which  he  was  well.  In  the  second  patient,  the  temperature  became  nor¬ 
mal  within  48  hours  and  parasites  disappeared  from  the  peripheral  blood  within  96 
hours.  He  relapsed  on  the  13th  day  after  completing  treatment.  The  third  patient 
became  afebrile  within  72  hours.  At  the  conclusion  of  treatment  parasites  were  absent 
from  the  peripheral  blood  for  only  72  hours.  Clinical  relapse  occurred  in  the  ninth 
posttreatment  day.  Mild  neutropenia  was  observed  in  all  three  cases. 

As  a  result  of  experiences  such  as  those  cited,  few  medical  officers  in  this 
theater  believed  that  current  methods  of  treatment  coul(?  do  more  than  sup¬ 
press  symptoms  and  parasitemia  in  vivax  malaria.  In  another  theater,  pro¬ 
longed  experience  suggested  that  Atabrine  therapy  not  only  was  effective  in 
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suppressing  relapsing  malaria  but,  if  continued  long  enough,  might  ultimately 
cure  it  (p.  497).  There  is  no  indication  in  Colonel  Golz's  reix>rt  that  such  con¬ 
sistently  long-sustained  therapy  was  ever  carried  througli  in  the  Mediter¬ 
ranean  theater  where,  indeed,  conditions  were  lacking  for  such  continuous 
observations  on  identical  groups  of  men  as  were  possible  in  the  Pacific  area. 
The  desideratum  was  a  method  of  treatment  that  would  obviate  relapses.  The 
British  thought  they  had  achieved  this  goal,  or  come  near  it,  by  their  use  of 
Plasinochin  in  conjunction  with  quinine.  C.S.  Army  medical  officers  had 
early  discarded  Plasmochin.  finding  it  of  no  particular  merit  as  used  by 
them,  and  very  toxic,  especially  in  Negro  troops.  Our  achievement  was  rather 
in  the  increasingly  more  efficient  use  of  Atabrine.  Both  lines  of  thought  were 
fruitful  and,  during  and  since  World  AVar  II,  have  been  carried  to  more 
effective  therapy  and  new  drugs. 

Results  of  Treatment 

Mortality. — One  measure  of  the  effectiveness  of  treatment  is  the  death 
rate  which  in  the  Mediterranean,  as  in  all  theaters,  was  extraordinarily  low. 
In  the  entire  history  of  the  theater,  there  were  approximately  62,000  definitely 
diagnosed  new  cases  of  malaria  in  U.S.  Army  troops.  According  to  individ¬ 
ual  medical  records  for  1042-45,  there  were  57  deaths  due  to  malaria  among 
cases  originating  in  the  Mediterranean  theater.  There  were  3  deaths  in  1042, 
40  in  1043,  13  in  1044,  and  1  in  1045.  After  an  extensive  search.  Colonel  Golz 
discovered  only  11  deaths  that  actually  occurred  in  the  Mediterranean  thea¬ 
ter.  Of  8  deaths  ascribed  to  malaria  on  clinical  grounds  in  official  records  for 
1944,  post  mortem  studies  showed  that  death  was  due  to  other  causes  in  5 
(1  Hodgkin’s  disease,  1  brain  tumor,  1  infexTious  hepatitis,  1  hemorrhagic 
bronchopneumonia,  and  1  “cause  undetermined  but  not  malaria").  By  any 
calculation,  the  mortality  was  surprisingly  low. 

There  are  several  reasons  for  this.  Table  67  shows  that  in  Italy  the 
incidence  of  infection  caused  by  P.  falciparum  was  low.  Other  factors  were 
Atabrine  suppressive  treatment  (curing  many  falciparum  infections)  and  the 
excellent  distribution  and  the  high  caliber  of  medical  care  available  to  U.S. 
troops. 

Morbidity. — The  malaria  relapse  rate  was  28  percent  in  the  Mediterranean 
theater  and  23  percent  in  the  Pacific  areas.  These  figures  are  gi-oss  figures  in 
that  they  have  not  been  adjusted  to  take  into  account  evacuation,  death,  or 
transfer  of  cases.  The  figures  merely  reflect  a  ratio  of  readmissions  to  new 
admissions. 

Several  attempts  were  made  to  assay  the  dimensions  of  the  problem  by 
indirect  means.  Colonel  Golz,  on  the  basis  of  data  shown  in  tables  70  and 
7l,  concluded  by  one  line  of  reasoning  that,  of  any  group  of  primary  malaria 
cases,  30.6  percent  might  be  expected  to  relapse  at  least  once,  with  the  average 
number  of  relapses  being  2.08  for  the  group.  He  also  cited  Lt.  Col.  (later 
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Col.)  James  B.  McLester,  MC,  of  tlie  17th  General  Hospital  who,  usin«r  the 
same  data  and  some  of  his  own.  made  a  somewhat  different  approacli.  Of  a 
group  of  cases  followed  from  1  to  10  months,  30.5  percent  relapsed.  Over 
one-half  of  the  relapses  during  the  first  9  months  occurred  i*.  the  first  2 
months  and  another  quarter,  in  the  next  2  montlis.  Since  after  6  months,  the 
monthly  rate  remained  between  1  and  2  percent,  it  seemed  probable  that  the 
relapse  rate  would  be  found  to  be  betw'een  50  and  60  percent  if  the  followup 
were  more  complete  and  continuetl  longer.  Other  data,  more  extensive  nu¬ 
merically,  derived  from  27  hospitals  by  questionnaire  by  the  malariologist  of 
NATOUSA,  suggested,  by  several  lines  of  reasoning,  a  relapse  rate  of  about 
50  to  55  percent. 


Tablk  70.-  Incidence  of  attacks  of  malaria  reported  by  27  hospitals  in  the  Mediterranean 
(formerly  North  African)  Theater  of  Operations,  I’.S.  Army 
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1,  525 

83.  5 

301 

16.  5 

1,  826 

1  162 

2  coiivale.scoiit.  _ _ _ _ _ 

55 

34.  0  I 

107 

66.0 

16  station  _  _..  .  -  _  -  _ 

5,  467 

3,  479 
1,516 

8,  946 
3,008 

7  pfpiipnil  ...  .  _ _ _ 1 

1,  492 

Total . - . . 

1 

1 

1  8, 572 

I 

60.  2 

5,661  1 

! 

39.  8 

14,  233 

Table  71. — Incidence  of  relapses  due  to  malaria  reported  by  18  hospitals  in  the  Mediterranean 
(formerly  North  African)  Theater  of  Operations,  U.S.  Army 


Number  and  type  of  hospitals  reporting ' 

1 

Number  of  relapses 

1 

Total 

cases 

l 

2 

3 

B 

B 

H 

8 

1 

I  9 

10 

11 

1  evacuation . 

184 

36 

28 

4 

B 

2 

2 

0 

301 

1  convalescent . . . 

14 

15 

14 

0 

0 

0 

0 

53 

10  station . . 

934 

496 

267 

32 

^Bb 

6 

3 

4 

1,984 

6  general . . 

553 

230 

57 

43 

14 

8 

2 

1 

4 

1,174 

Total . 

1,685 

777 

435 

267 

138 

79 

69 

31 

16 

7 

8 

3,512 

Percent  of  total . . 

48.0 

22.1 

1  12.4 

] 

B 

j  3.9 

2.2 

2.0 

B 

0.5 

0.2 

1  0.2 

i 

100 

I  Data  not  available  from  field  hospitals. 


Colonel  McLester  stressed  the  obstacles  to  statistical  accuracy.  In  the 
Mediterranean  theater,  the  number  and  composition  of  troops  were  constantly 
changing  with  the  tactical  situation,  and  the  population  at  the  time  of  recur¬ 
rence  might  be  very  different  in  size  from  the  population  at  the  time  of  pri- 
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mary  attack.  Fresh  troops  might  come  in  who  had  not  previously  been  ex¬ 
posed  to  malaria  and  might  have  time  for  only  one  attack.  Soldiers  who  had 
had  a  primary  attack  might  be  evacuated,  or  killed,  or  transferred  to  another 
theater  before  relapse  could  develop.  Furthermore,  in  an  attempted  follow¬ 
up  of  patients  who  had  been  treated  in  the  l7th  General  Hospital,  gross  errors 
were  found  in  their  medical  histories.  Also,  the  record  was  regarded  with 
suspicion  when  a  patient,  known  to  have  had  an  attack  with  P.  falciparum,, 
was  reported  as  having  relapse  with  P.  vivaxl' 

Table  72  will  show  that  the  percentage  of  cases  transferred  to  the  Zone 
of  Interior  is  not  a  valid  figure  for  the  malaria  question  as  a  whole.  Many 
of  the  admissions  to  general  hospitals  were  transferred  from  other  hospitals, 
and  with  few  exceptions  only  general  hospitals  had  the  power  to  transfer 
cases  to  the  Zone  of  Interior. 

Many  of  the  cases  found  in  general  hospitals  had  been  transferred  there 
by  other  hospitals  specifically  for  Zone  of  Interior  disposition  because  of  re¬ 
peated  recurrences.  Nevertheless,  a  study  was  undertaken  at  the  182d  Station 
Hospital  to  determine  the  final  disposition  of  its  malaria  cases:  757  cases 
were  investigated,  of  which  437  were  recurrent  and  320  were  primary.  Of 
these,  103  cases  were  transferred  to  other  hospitals  for  reasons  other  than 
malaria  and  could  not  be  traced  as  to  disposition.  Of  the  remaining  654, 
those  who  were  transferred  were  satisfactorily  traced.  The  result  of  this 
study  showed  that  641  went  to  general  military  service,  5  went  to  limited 
assignment,  and  8  (1.22  percent)  were  recommended  for  evacuation  to  the 
Zone  of  Interior  by  a  general  hospital. 


Table  72. — Malaria  patients  evacuated  to  the  Zone  of  IrUerior  from  the  Mediterranean  {for¬ 
merly  North  African)  Theater  of  Operations,  U.S.  Army,  25  hospitals  reporting 


Number  and  type  of  hospital.s  refiorting 

j  Total  case.s 

Numberevacuatcd 

Percent 

18  station . . .  -  .  - - 

10,  604 

28 

0.  26 

7  general _  _  --  -  - 

3,  185 

250 

7.  85 

Total _ 

1 

13,  789 

1 

278 

1 

1 

2.02 

5  Although  complete  and  accurate  statistics  on  the  Incidence  of  relapse  are  not  available  from 
any  theater,  similar  relapse  rates  for  Mediterranean  strain.^  (approximately  30  percent)  were  found 
elsewhere  in  this  theater  and  also  in  the  Zone  of  Interior  during  periods  of  120  days  following 
treatment  with  various  antimalarials.  Relapse  rates  were  much  higher  with  Pacific  strains  during 
like  observation  periods  of  120  days,  being  approximately  80  percent  in  one  study  and  80  to  90  per¬ 
cent  in  another.  It  should  be  noted,  however,  that  a  very  much  higher  percentage  of  relapses  of 
Pacific  origin  will  fall  within  the  120-day  period  (73  i>ercent  occurring  within  the  first  60  days  in 
one  study).  With  the  Mediterranean  strains,  there  is  a  longer  average  interval  to  the  first  relapse 
(150  to  200  days).  Even  when  this  is  taken  into  account,  the  estimated  rate  of  50  to  60  percent 
remains  appreciably  lower  for  the  Mediterranean  strains  of  P.  vivax. 

Modifications  of  relapse  rates  by  the  treatment  preceding  the  observation  periods  were  not 
such  as  to  invalidate  these  calculations,  except  when  Plasmochln  was  used  in  conjunction  with 
quinine.  In  extensive  comparisons,  the  majority  of  relapses  occurred  within  the  first  month  after 
treatment  with  quinine  or  totaqulne  and  within  3  months  after  quinacrine  or  chloroquine ;  that  is, 
well  within  the  span  of  120  days. — P.  H.  L. 
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Machine  records  data  concerning  cases  sent  to  the  Zone  of  Interior  are 
available  for  the  period  15  September  1944  to  6  April  1945.  During  this 
time,  8,065  cases  of  malaria  were  disposed  of  and,  of  these,  90  cases  (1.1  per¬ 
cent)  were  returned  to  the  Zone  of  Interior  for  this  cause.  An  additional  36 
cases  were  found  with  a  secondary  diagnosis  and  the  available  records  were 
not  clear  as  to  which  diagnosis  was  responsible  for  the  evacuation.  If  these 
two  groups  are  combined,  the  total  number  of  cases  is  126  or  1.6  percent. 

Case  Histories 

In  the  13  case  histories  *  which  follow,  examples  of  particular  problems 
— most  of  them  exceptional,  some  more  typical — are  described  briefly.  In¬ 
cluded  are  eight  fatalities. 

Skin  lesions 

Herpes  labialis  occurred  in  some  cases,  and  occasionally  urticaria,  which 
was  usually  transitory.  Urticaria  had  been  seen  more  often  in  the  early  days 
of  the  theater,  when  quinine  therapy  was  .still  popular.  Colonel  Golz  re¬ 
ported  an  interesting  case,  summarized  in  case  1.  Four  hospitals  reported 
seven  cas'is  of  purpura  simplex,  beginning  shortly  after  or  concomitantly  with 
the  clinical  onset,  and  clearing  completely  soon  after  the  start  of  antimalarial 
treatment;  in  four  cases  this  was  associated  with  vivax  infections,  in  three, 
with  falciparum  infections.  One  hospital  reported  10  cases  of  erythema 
multiforme. 

Case  L — In  one  unusual  case,  the  maturation  of  each  cycle  of  parasites  was  accom¬ 
panied  by  a  severe  attack  of  generalized  urticaria  and  angioneurotic  edema  of  about  12 
hours’  duration.  These  attacks  occurred  three  times  at  48-hour  intervals  without  any 
sign  or  symptom  to  suggest  malaria.  There  was  no  elevation  of  temperature.  With 
the  fourth  such  attack  the  patient  had  his  first  chill  and  rise  in  temperature.  P.  vivase 
was  found  in  his  blood.  Atabrine  treatment  r^ulted  in  prompt  cessation  of  bis  hives 
and  he  had  no  further  chill  or  fever.  During  the  4  months  following  his  discharge 
from  the  182d  Station  Hospital  he  had  five  relapses  for  which  be  was  admitted  to  other 
hospitals,  and  in  each  relapse  the  same  train  of  events  occurred.  He  was  then  evacu¬ 
ated  to  the  Zone  of  Interior. 

Blackwater  fever 

Four  cases  were  reported  in  the  Mediterranean  theater.  Case  abstracts 
of  two  of  these  patients  are  appended,  one  of  whom  died.  Available  data  on 
the  third  patient  were  so  meager  as  to  raise  the  question  of  diagnostic  accu¬ 
racy.  Records  of  the  fourth  were  not  available. 

Case  2. — ^Tbe  soldier  was  admitted  to  the  33d  General  Hospital  with  a  history  of  chills, 
jaundice,  and  dark  urine  for  4  days.  The  record  did  not  state  whether  he  had  previ¬ 
ously  had  malaria.  Prior  to  admission  he  had  no  treatment.  On  the  day  of  admission 
he  was  stuporous  and  icteric  but  malaria  smears  were  negative  and  the  leukocyte  count 


6  In  another  theater,  however,  under  more  favorable  conditions  for  prolonged  observations  on 
the  same  body  of  men,  there  was  shown  a  reversal  of  species  Incidence  from  55  percent  P.  fatei- 
parum,  24  percent  P.  vivax  during  an  epidemic  in  a  mninrious  environment,  to  zero  percent  P.  /oM- 
parum,  99  percent  P.  vivax,  after  the  troops  were  removed  to  a  nonmalarious  environment. — P.  H.  L. 
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was  4,700.  On  tlie  second  liospital  day  tropiiozoites  of  P.  falciparum  were  found  in  the 
blood.  The  urine  was  negative  except  for  a  trace  of  albumin.  On  the  second  and  third 
days  he  was  given  2.7  gm.  of  quinine  orally  and  1.3  gm.  intravenously.  On  the  third 
day  the  red  blood  cell  count  was  4,330,000,  the  liemoglobin  13.0  gin.,  and  the  leukocyte 
count  5,300.  On  the  fourth  day  the  urine  became  reddish  brown  in  color,  showed  3-|- 
albumin  and  was  positive  to  test  for  occult  blood.  The  red  blood  cell  count  had  dropped 
to  3,060,000  and  the  hemoglobin  to  11.5  gm.  per  100  cc.  Trophozoites  of  P.  falciparum 
were  still  present  in  the  blood.  The  blood  nonprotein  nitrogen  was  37.5  mg.  percent 
and  the  icteric  index,  9  units.  Quinine  treatment  was  stopped ;  Atabrine,  given  orally, 
was  started  cautiously ;  and  the  patient  was  given  a  transfusion  of  500  cc.  of  whole 
blood.  On  the  fifth  day  he  was  much  improved;  the  urine  was  negative;  the  red  blood 
cell  count,  3,780,000 ;  the  hemoglobin,  12.0  gin.  per  100  cc. ;  and  gametocytes  of  P.  falci¬ 
parum  were  pre.sent  on  blood  smear.  'J'he  Atabrine  dosage  was  then  increased.  There¬ 
after  the  course  on  full  doses  of  Atabrine  was  uneventful.  The  urine  remained  normal 
althougii  the  anemia  persisted  at  a  level  of  about  3,500,OtX)  red  cells  per  cu.  mm.  Game¬ 
tocytes  of  P.  falciparum  were  found  on  the  smear  daily  until  the  day  after  Atabrine  was 
stopped. 

Case  3. — A  32-year-old  soldier  was  admitted  to  a  station  hospital  in  August  1943  com¬ 
plaining  of  chills,  fever,  and  general  malaise  for  4  days.  He  stated  that  he  had  had 
malaria  several  years  previously  in  the  United  States.  He  also  stated  that  he  had  been 
taking  Atabrine  in  suppressive  doses  regularly.  Physical  examination  revealed  nothing 
of  note,  lllood  smear  was  positive  for  P.  falciparum.  He  was  given  10  gr.  of  quinine 
three  times  daily  by  mouth.  On  the  second  day  his  general  condition  had  deteriorated 
and  quinine  was  increased  to  four  times  daily.  Physical  and  X-ray  signs  of  broncho¬ 
pneumonia  developed  on  the  third  day.  On  the  fourth  day  the  urine  became  dark  brown 
and  gave  a  strongly  positive  test  for  blood.  The  hemoglobin  fell  from  13.0  gm.  in  the 
morning  to  10.5  gm.  in  the  afternoon.  The  blood  nonprotein  nitrogen  began  to  rise. 
He  was  given  a  transfusion  of  whole  blood  and  an  intravenous  infusion  of  sodium  bicar¬ 
bonate  solution.  This  treatment  was  repeated  on  the  fifth  day.  The  course,  however, 
had  l)een  progressively  unfavorable  and  he  died  on  the  fifth  hospital  day  with  a  clinical 
diagnosis  of  blackwater  fever.  Autopsy  confirmed  the  cause  of  death  as  malaria. 

Vague  symptomatology 

Every  hospital  representative  interviewed  in  this  theater  reported  occa¬ 
sionally  seeing  patients  who  complained  of  vague  symptoms  of  fatigue,  head¬ 
ache,  and  malaise;  whose  temperatures  remained  perfectly  normal,  and  whose 
blood  smears  were  positive  for  vivax  trophozoites.  Asymptomatic  carriers  of 
falciparum  gametocytes  were  relatively  more  common.  Not  infrequently  met 
were  cases  of  proved  malaria  with  I'ecent  histories  of  one  or  more  hospitaliza¬ 
tions  for  fever  of  undetermined  origin,  with  spontaneous  remission.  It  is 
highly  probable  that  these  previous  febrile  episodes  were  due  to  malarial 
activity. 

Case  4. — ^A  soldier  without  a  previous  history  of  malaria  was  admitted  to  a  station 
hospital  with  the  admitting  diagnosis  from  his  dispensary  as  “Vague  complaints — nerv¬ 
ous.”  The  hospital  history  indicated  that  he  had  had  a  poor  appetite,  general  malaise, 
and  chilly  sensations  at  night  for  a  week.  During  the  first  24  hours  in  the  hospital  his 
temperature  remained  normal  and  he  showed  what  were  interpreted  as  signs  of  an 
anxiety  neurosis.  On  the  evening  of  the  second  day  in  the  hospital,  the  patient  had  a 
chill,  his  teii.perature  rose  sharply  and  he  became  Irrational,  confused,  and  restless. 
Examination  of  the  blood  .showed  a  marked  anemia,  leukocytosis  of  14,000  and  a  heavy 
infestation  of  the  red  Idood  ceils  with  P.  falciparum.  In  spite  of  5  gr.  of  quinine  intra- 
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venously  every  (>  hours  and  four  wliole  bhwd  transfusions  of  500  oc.  each,  his  condition 
gradually  deteriorate<l.  He  lapsed  into  coma  on  the  third  hospital  day  and  died  on 
the  fifth. 

Fever 

In  approximately  75  percent  of  r/ntx  infections,  the  typical  intermittent 
temperature  graph  with  quotidian  or  tertian  paroxysms  was  seen.  The  rela¬ 
tively  high  percentage  of  remittent  fever  (25  percent)  may  be  ascribed  to  the 
prompt  institution  of  specific  trentment.  Tlie  majority  of  falciparum  infec¬ 
tions  exhibited  remittent  fever  without  frank  paroxysms. 

Some  cases  were  without  fever  through  alt  or  a  large  part  of  their  clin¬ 
ical  course. 

Case  5. — A  soldier  was  admitted  to  a  station  hospital  with  a  history  of  having  had 
chills  and  fever,  nausea  and  vomiting  for  a  week.  On  a<liuission  .jaundice  was  observed 
and  the  liver  was  palpated  three  tingerbreadths  below  the  costal  margin.  He  was  afe¬ 
brile  and  malaria  was  not  suspected.  Two  days  after  admission  the  patient  became 
stuporous.  His  red  blood  cell  count  is  2,700,000,  his  leukocyte  count  40,000,  blood 
nonprotein  nitrogen  99  mg.  percent,  ami  Ids  blood  smear  was  positive  for  P.  falciparum. 
Despite  vigorous  treatment  with  oral  and  parenteral  quinine,  the  patient  died  on  the 
third  hospital  day,  having  remained  afebrile  throughout. 

Liver  and  spleen 

Hepatomegaly  of  mild  degree  was  associated  with  malaria  in  about  15 
or  20  percent  of  cases.  Minimal  scleral  icterus  was  seen  in  less  than  5  percent 
and  was  thought  to  be  an  expression  of  tlie  blood  destructive  process  that  ac¬ 
companies  malaria.  Definite  jaundice  was  occasionally  seen  concurrently  with 
malaria  and  was  thought  to  be  due  to  complicating  infectious  hepatitis.  Defi¬ 
nite  jaundice  due  to  malaria  did  occur  in  blackwater  fever  and  moribund 
cases.  The  term  “malarial  hepatitis”  was  freely  and  glibly  used  in  this 
theater,  but  no  evidence  was  adduced  to  show  that  such  a  condition  existed. 
Pathologists  found  no  parenchymal  lesion;  liver  function  tests  showed  only 
transitory  changes,  and  enlargement  of  the  liver  was  usually  only  transitory. 

The  spleen  was  often  found  palpably  enlarged  during  the  second  week 
of  the  acute  attack.  It  was  usually  soft  and  tender  in  the  acute  stages,  and 
was  firm  and  not  tender  in  the  chronic  stages.  Reports  from  various  hospitals 
in  this  theater  varied  widely  as  to  the  incidence  of  palpable  spleens.  The 
acute  splenic  tumor  usually  subsided  rapidly  after  antimalarial  therapy. 
Persistent  enlargement  usually  signified  a  chronic  latent  infection;  many  of 
the  cases  that  had  frequent  relapses  had  a  chronic  splenomegaly.  In  one 
case,  a  ruptured  spleen  was  found  at  autopsy. 

Case  6. — A  soldier  was  admitted  to  a  station  hospital  in  a  moribund  condition.  He 
was  reported  to  have  fainted  shortly  before  admission  and  on  recovering  consciousness 
complained  of  substernal  pain  and  vomiting.  He  denied  any  injury.  In  the  emergency 
room  he  showed  extreme  pallor,  air  hunger,  and  restlessness.  His  pulse  was  imper- 
ceptible.  The  abdomen  was  not  distended  nor  tender.  A  blood  smear  showed  4  i>ercent 
imrasitizntion  of  the  red  cells  with  P.  rirax.  Plasma  was  administered  as  an  emergency 
measure,  but  the  patient  ceased  breathing  while  the  plasma  was  l>eing  given.  .Vt  autopsy 
the  peritoneal  cavity  was  found  to  be  tilled  with  blood  and  a  4  cm.  tear  was  noted  in 
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tli«>  Tli«>  patholiiKical  ilia^xmisis  was  s|iUMaiiia>;;aly  tint-  to  rintx  iiiftvtioii,  ami 

s|H>iitam*ous  niptuiv  of  tlio  spUH*ii. 

Gastrointestinal  symptoms 

Voinitinj;.  (H-currinjr  in  about  *i<i  peiretit  of  rini.r  infections,  was  usually 
not  severe  ami  was  assca-iated  only  with  the  paroxysms:  in  falclfuiruin  infec¬ 
tions,  it  tended  to  l)e  more  severe  and  j)ersistent  anti  was  one  of  the  frequent 
indications  of  the  cerebral  syndrome. 

Abdominal  pain  was  very  common.  Mt)st  frequent  was  an  achy  pain 
hijrh  in  the  left  upper  (piadraitt.  sometimes  radiating  to  the  left  lower  chest 
and  often  ajrjrfavated  by  respiratory  excursions.  Infretpient  cases  were  seen 
simnlatin^  actite  stirfjical  emerjrencies.  Two  in  which  laparotomy  was  {per¬ 
formed  are  described: 

Case  7.- -A  soldier  was  ixliiiitted  to  an  evaenatimi  hospital  with  a  history  siuo;estive 
of  a  niptured  alxlonilnai  vlsetis.  Ttiere  \va.s  itoardllke  riRitlity  of  tiie  ahdotniiial  nmscies, 
and  tile  leukocyte  count  was  l-t.tKlO.  Exploratory  laparotomy  r«*veale«l  mitliinu  aimor- 
inal.  SiilisiHinently  P.  fahipmiiui  was  discovereil  in  the  lanipiicral  liliMsi.  .\ntitnalarial 
tlierapy  produced  complete  rts-overy. 

Case  8. — \  soldier  was  admitted  to  a  station  hospital  witli  a  diagnosis  of  acute  aiaieu- 
dicitis,  liaving  exjierience<l  *J4  iiours  previously  the  onset  of  generalized  cramping  ali- 
dotiiitial  pain,  whicti  subsequently  iwalizeil  in  the  rigid  lower  quadrant.  Ttiere  was 
naust‘a  lint  no  vomiting  or  disturliance  of  bowel  liahlt.  There  was  no  liistory  of  malaria. 
Tlie  temperature  was  102.8°  F.  and  tlie  leukwyte  count  r»,S)00.  Marked  tendern**ss  was 
tiottnl  in  tlie  rigid  lower  quadrant  on  dirwt  palpation  and  on  iwtal  examination.  Emer¬ 
gency  appendectomy  was  performeil  but  a  norniai  appendix  was  removed.  Tlie  post- 
o|>emtive  course  for  2  wi*eks  was  coniplicale<l  l>y  interniitteni  fever  of  100°  or  102°  F. 
exliiiiiting  a  tertian  tx'riodicity.  (On  one  occasion  lie  had  a  chill  and  a  temperature 
rise  to  105°  F.)  Itepeateil  malaria  smears  were  negative.  On  the  19th  postoiswative 
day  P.  vivax  was  found,  .\ntiuialarial  therapy  resulted  in  disapiH*arance  of  all  signs 
and  symptoms. 

(iciieralizetl  uchiiifr  or  crauqpin;;  ahtluminal  ])aiu  was  occasionally  a  com¬ 
plaint,  e.specially  in  patitmts  with  diarrhea.  Jt  wa.s  usually  of  mild  tloffree, 
occasionally  more,  severe,  and  occurred  in  about  10  percent  of  infections  with 
P.  viva.r.  In  malignant  tertian  malaria,  diarrhea  was  not  more  common  hut 
w’as  often  more  severe,  at  times  dysenteric.  The  stools  in  such  ca.ses  .sometimes 
contained  red  blood  cells  but  never  pus,  parasites,  or  pathogenic  bacteria.  A 
brief  description  of  a  fatal  case  follows. 

Case  9. — A  24-year-old  .soldier  was  admittiHl  to  a  station  hospital  in  October  1943 
complaining  of  severe  diarrhea  of  5  day.s'  duration.  The  diarrhea  was  accompanied  by 
severe  abdominal  cramps  and  gro.ssly  bloo<ly  stiads.  He  bad  had  one  chill  prior  to  ad¬ 
mission.  There  was  no  previous  history  of  malaria  but  the  .soldier  had  fought  through 
the  .Sicilian  canipnigri  several  months  previously.  On  examination  he  was  found  to  lie 
in  shock.  The  pulse  was  almost  imperceptible,  blood  pressure  was  70  systolic  and  fiO 
diastolic,  and  tenirHU-ature  97°  F.  The  abdomen  was  rigid,  leukocyte  count  was  25,000 
and  the  red  blood  c**ll  count  was  lielow  .‘t  million.  The  stools  contained  dark  blood  and 
bliHMl  smears  were  positive  for  P.  futvifnirum.  The  siirgii’iil  consultant  felt  that  there 
was  no  indication  for  surgical  intervention.  On  the  first  hospital  day  he  was  given  10 
gr.  of  quinine  intravenously,  a  transfusion  of  one  liter  of  citrated  IiIihhI  and  apininuitly 
inbspiate  amounts  of  physiological  .salinv  solution  intravenously.  Oral  (piiiiine  tberaii.v 
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was  startetl.  Ou  the  second  »lay  he  was  umrke«lly  iniiu’ovwl.  Diarrhea  and  vomiting 
ceased:  teiui»erature  rose  to  101°  F.  and  tlie  systoiic  IdiMxl  pressure  to  110.  Oral  <iuinine 
three  times  daily  was  continued.  On  the  third  day  lie  suddenly  went  into  a  state  of 
periplieral  circulatory  collapse  and  promptly  died.  Autopsy  showed  an  extensive  hem¬ 
orrhagic  enterocolitis.  Malaria  parasites  were  found  in  sections  of  the  intestinal  tract 
and  the  heart  showed  numerous  areas  of  focal  ne<-rosis.  No  notable  clianges  were  found 
in  the  brain. 

The  cerebral  syndrome 

Of  the  57  deaths  due  to  malaria  in  the  Mediterranean  theater  during 
1942—45  (p.  514),  14  were  ascribed  to  vivdx  malaria,  27  to  falciparum  malaria, 
and  16  to  “other  or  unclassiHed  malaria’’  (the  “other  malaria”  excluding 
quartan  malaria  and  mixed  malaria  infections).  In  the  11  deaths  reported 
by  Colonel  Golz,  10  were  due  to  malignant  tertian  malaria,  and  of  these,  8 
were  caused  by  the  cerebral  form  of  the  disease.  All  eight  cases  illustrated 
the  grave  danger  attendant  upon  failure,  for  whatever  cause,  to  initiate  vig¬ 
orous  treatment  early. 

Case  10. — A  soldier  was  admitte<l  to  an  evacuation  hospital  with  a  historj-  of  chills  and 
fever  for  4  days.  There  was  no  past  history  of  malaria.  On  the  day  Itefore  admission 
he  had  a  tenii>erature  of  104.4°  F.  with  pain  in  the  left  upi)er  tpiadrant.  and  smears  were 
positive  for  P.  falciparum.  He  was  given  0.2  gm.  of  Atabrine  every  (5  hours  orally.  On 
admission  his  temperature  was  1)8.8°  F.  and  his  general  condition  seemed  to  be  fair. 
Blood  counts  showed  a  marked  anemia  and  smears  show'ed  all  stages  of  P.  falciparum. 
Spinal  fluid  was  negative  except  for  increased  pressure.  On  the  second  hospital  day  he 
suddenly  became  stuporous,  psychotic,  and  could  not  be  arouse<l.  Tliere  was  only  a 
slight  pupillary  i*eaction  and  his  neck  was  rigid.  On  this  day  the  patient  received  a 
total  of  3.3  gm.  of  quinine  intravenously.  In  spite  of  this  he  developed  tonic  convulsions 
and  died.  Blood  quinine  level  was  7.1  mg.  per  liter. 

Case  11. — A  45-year-old  soldier  was  admitted  to  a  station  hospital  in  the  spring  of 
1943  in  a  marked  state  of  mental  confusion  and  delirium.  Because  of  his  mental  state 
no  history  could  be  ootained.  Persistent  vomiting  was  present.  Red  blood  cell  count 
was  2.000,000  and  leukocyte  count  12,000.  Diagnosis  was  made  on  the  second  day  with 
the  identification  of  P.  falciparum  in  the  peripheral  blood.  Ten  grains  of  <{uinine  were 
given  orally  three  times  daily.  However,  vomiting  persisted.  On  the  fourth  day  10  gr. 
of  quinine  intravenously  every  8  hours  was  instituted,  and  the  patient  received  this 
medication  four  times.  He  was  also  given  two  whole  blood  transfusions.  He  lapsed 
into  coma  in  spite  of  this  treatment  and  died  on  the  fifth  day.  Autopsy  report  was  not 
available. 

Case  12. — A  soldier  was  admitted  to  a  station  hospital  in  a  comatose  state.  Signs  of 
lobar  pneumonia  were  present.  There  was  marked  anemia,  and  blood  smears  were  posi¬ 
tive  for  P.  falciparum.  In  spite  of  treatment  with  sulfadiazine,  intravenous  quinine, 
whole  blood  transfusions,  and  oxygen,  the  psitient  died  on  the  third  hospital  day.  Death 
was  ascribed  clinically  to  cerebral  malaria.  Autopsy  .showed  ioltar  pneumonia  and  numer¬ 
ous  malaria  parasites  in  the  brain,  heart,  and  muscles. 

The  incidence  of  this  ill-defined  syndrome  varied  widely  among  the 
hospital  representatives  questioned  although  none  declared  it  to  be  common. 
Kestricted  to  cases  showing  one  or  more  of  such  signs  as  coma,  meningismus, 
convulsions,  persistent  delirium,  and  well-defined  neurological  signs,  144  cases 
were  reported  due  to  P.  falciparum  and  19  due  to  P.  vivax.  This  did  not 
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represent  total  theater  ex|>ei  ic‘n«-e.  sinre  it  was  not  possible  to  survey  all  of 
the  hospitals  in  tlie  theater. 

Of  the  eight  deatlis  in  this  theater  <lne  to  i-erebral  malaria,  all  were 
faJHparvm  infections.  The  nio<lern  com-ept  of  the  pat,  )logical  j)hysiologv- 
of  cerebral  malaria  permits  a  reasonable  <loubt  as  to  its  occurrence  in  I'inix 
infections.  In  only  1  of  the  Ih  cases  so  reported  was  the  record  available 
for  analysis,  and  in  this  cast*  the  acctiracy  of  the  diagnosis  was  questionable. 
A  summary  follows. 

Case  13. — The  patient  he<-aiiie  ill  (5  tietoher  lf)44  witli  nausea  amt  seine  voniitiiiK. 
Began  "shakinR."  No  further  coherent  story  could  la*  eliciteil.  Temperature  was  97°  P., 
pulse  104,  and  respiration  24.  There  were  no  ahnonnal  tindiURs.  The  hattalion  surReori 
who  smit  the  patient  to  the  station  hospital  on  7  Octolier,  susiiected  malaria.  Tempera¬ 
ture  was  100.2°  F.  at  time  of  ons«‘t. 

The  patient  was  semiitunatose  on  8  Octolier  1944.  Lumbar  pumdure  was  done  on 
the  same  day.  I’re.ssure  was  elevated.  The  fii-st  tula*  <-ontnine<l  rial  ivlls :  the  .second 
was  crystal  clear.  There  were  84  cells,  90  iMilymorphonuclears,  anil  .">8  lymphocytes. 
The  examininR  medical  olllcer  was  not  i-ertain  that  the  patient  had  meniiiRitis.  Lympho¬ 
cytic  choriomeninRitis  or  enit*phalitis  was  considereil.  The  patient  had  four  Reneralizeil 
convulsions  on  11  <»ctotK*r  and  was  transferred  on  that  date  in  deep  coma  to  a  Reneral 
hospital  with  the  diaRiiosis  of  epilepsy.  On  admission  considerable  motor  unrt*st  was 
noteil  but  no  movements  of  right  side.  Examination  was  difficult  but  did  show  bilateral 
ankle  clonus  and  Babinski’s  and  Oppenheim’s  signs.  Abdominal  retlexes  were  absent. 
Right  side  of  face  did  not  move  as  well  as  left;  slight  internal  squint,  right  eye.  Pendu¬ 
lar  nystagmus,  on  looking  ahead,  changinl  to  definite  slow  vestibular  variety  on  looking 
to  right.  Conjugate  movements  of  eyes  were  preserved:  pupils  dilateil,  reacted  poorly 
to  light;  fundi  normal.  Patient  gave  no  respon.se  to  painful  stimuli.  Definite  meningi¬ 
tis  neck  with  direct  Brudzinski’s  sign  and  bilateral  Kernig’s  sign.  Temperature  was 
102.2“  F.,  pulse  90,  respiration  22,  and  blood  prt*ssure  120  systolic  and  80  diastolic. 

The  picture  was  that  of  an  actite  meningoimcephalitis.  How  many  of  the  focal  signs 
were  due  to  the  illness  per  se  and  how  many  a  product  of  the  postconvulsive  state  could 
not  then  l»e  determined. 

Spinal  puncture  yielded  clear  fluid:  280  mm.  of  water  pressure:  normal  dynamics; 
4  white  blood  cells  (lymphocytes);  sugar,  100  mg.  percent:  chlorides,  7:1.9  mg.  pi*rcent ; 
globulin,  negative.  Total  protein,  22  mg,  iiercent.  Kahn  negative.  Hold  curve,  1,111,- 
(X)0,0IKI.  Subsi*queid  smear,  culture,  and  pellicle  studies  were  negative. 

12  Octolier  1944 :  Temperature  droppisl  to  normal.  I’atient  re.spondeil  to  questions 
but  was  confused  much  of  the  time.  Neurological  signs  persisted. 

13  October  1944;  Spinal  fluid  e.xamination  showed:  200  mm.  of  water  pre.s.sure; 
clear;  pressure  droppeil  to  70  mm.  of  water  after  removal  of  30  cc.  of  fluid:  •’>  white 
blood  cells  (lymphocytes)  ;  sugar,  02  mg.  i»er<i*iit  (simultaneous  bliKwl  sugar,  84  mg. 
percent):  chloride.s,  7.99  mg.  percent;  globulin,  negative;  total  protein,  24  mg.  iiercent. 
Smear  and  subsixpient  culture,  negative.  Oeneralized  convulsion;  then  ,Tacksonian  fit  of 
right  side.  “Status"  aborteil  with  intravenous  Amytal  Sodium. 

14  OctolH'r  1944:  Suspect  right  homonymous  hemianopsia  (transient).  Perioils  of 
delirium  and  hallucinations.  Afebrile. 

10  October  1944:  Two  attacks  of  furor  (equivalents).  Was  being  given  luminal 
(l)henobarbital).  Bromides  added. 

17  OctolM*r  1944 :  Today  patient  has  left  homonymous  hemianopsia.  No  astereog- 
nosis.  Some  tendency  toward  pres«*rvatioii.  Meningeal  signs  persist. 
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18  October  to  28  October  1VH4 :  Essentially  the  same.  Some  confusion.  Hemianop¬ 
sia  (left)  persists. 

24  October  1944:  Temperature  to  101.8“  F.  Malaria  smear  positive  for  tertian 
parasites. 

25  October  1944 :  Temperature  rose  to  103.4“  E'.  during  morning.  Second  slide  posi¬ 
tive  for  maiaria  (/'.  rivax).  Quinine  sulfate,  15  gr.,  three  times  a  day  by  mouth  started. 

Four  previous  smears  had  l)een  negative  for  malaria  and  he  had  been  afebrile  for 
10  days  when  the  micro-organism  was  found.  White  blood  counts:  7  October,  12,350 
(neutrophils,  80  percent;  lymph<K'.vtes,  20  percent),  8  October,  5,300  (neutrophils,  74  per¬ 
cent;  lymphocytes,  2(5  perc-ent),  11  October,  11,500  (neutrophils,  64  percent;  lymphocytes, 
36  percent). 

Serology :  Kahn,  iwsitive,  11  October.  Kuhn  and  Wassermann,  negative.  17  October. 
All  spinal  Kahns  negative.  Blootl  bromide,  75  mg.  percent,  25  October  1944. 

Spinal  puncture  on  25  October:  Pressure  200  mm.  of  water;  2  white  blooti  cells 
(lymphocytes)  ;  sugar,  56  mg.  percent;  chlorides,  685  mg.  percent.  Total  protein,  26  mg. 
per<-ent.  Gold  curve,  1,111,000,000. 

Course:  Afebrile  on  26  October  1944,  and  sinc-e.  Cleared  mentally.  All  neurological 
signs  cleared  up  except  the  homonymous  field  defect  which  was  still  present  when  he 
was  transferre<l. 

Regardless  of  some  diagnostic  confusion,  all  medical  officers  in  the  thea¬ 
ter  acquired  a  wholehearted  respect  for  the  cerebral  manifestations  of  the 
disease.  The  grave  prognosis  of  the  frank  cerebral  syndrome  and  the  serious 
implications  of  persistent  vomiting  in  falciparum  infections  were  quickly 
learned,  and  this  was  responsible  for  the  early  institution  of  vigorous  therapy 
in  such  cases. 

Cachexia 

As  with  cerebral  malaria,  the  incidence  varied  widely  as  reported  by  the 
various  hospitals  because  of  lack  of  uniformity  in  the  criteria  for  diagnosis. 
When  the  discussion  was  limited  to  chronic,  truly  cachectic  states,  12  hos¬ 
pitals  reported  a  total  of  only  26  cases.  It  is  probable  that  the  theater  ex¬ 
perience  did  not  greatly  exceed  this  figure.  Many  medical  officers  noted  that 
the  American  soldier  stood  repeated  attacks  of  vivax  malaria  remarkably 
well,  and  a  study  in  the  South  Pacific  confirmed  their  impression. 

From  the  reports  cited,  it  can  be  seen  that  in  all  theaters  of  operations 
in  which  command  and  medical  officers  found  malaria  a  major  problem  their 
experiences  were  very  similar,  and  the  stages  of  their  education  in  dealing 
with  this  disease  were  painfully  alike.  Rarely  has  the  old  adage,  “Expe¬ 
rience  is  a  hard  teacher”  been  so  well  illustrated  in  the  annals  of  medico- 
military  history.  The  same  prejudices,  the  same  mistakes,  the  same  fumblings, 
and  the  same  slow  correction  of  errors  in  tactical  and  medical  thinking  mark 
the  evolution  toward  solution  of  the  problem  of  malaria  as  exhibited  in  the 
reports  of  the  consultants  in  medicine.  Lack  of  foresight,  on  the  one  hand, 
caught  us  with  scant  supplies  of  quinine;  on  the  other  hand,  enterprise  and 
ingenuity  found  ways  to  improve  upon  quinine.  Under  the  pressures  of  war, 
we  learned  the  chapter  on  malaria  and  expanded  the  section  on  chemother- 
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apy.  Military  medicine,  like  war  itself  and  the  events  that  lead  to  war,  is 
full  of  such  ironies;  of  failures  to  do  soinethinj?  relatively  simple  that  would 
save  much  trouble,  and  then  doin«f  somethin*;  pn)digious  under  the  most  try¬ 
ing  circumstances;  in  other  words,  of  the  iiuman  capacity  for  getting  our¬ 
selves  into  the  most  dreadful  difficulties,  and  then,  by  summoning  great  vigor, 
intelligence,  and  fortitude,  getting  ourselves  out  again.  The  great  wars  of 
our  times  might  be  in  general  so  described.  The  ([uestion  for  the  future  is 
how  long  the  human  race  can  take  its  victories  by  hairsbreadth;  whether,  as 
the  wheel  spins,  we  shall  always  come  out  on  top. 


CHAPTER  XVIII 


Clinical  Trials  of  Antimalarial  Drugs 

Harry  Most,  M.D. 

Extensive  military  operations  in  various  highly  malarious  regions  dur¬ 
ing  the  Second  World  War  stimulated  intensive  research  in  the  chemother¬ 
apy  of  malaria.  Interruption  of  the  normal  supplies  of  quinine  from  the 
Far  East  made  it  necessary,  while  conserving  existing  supplies,  to  reevaluate 
the  efficiency  of  Atabrine  (quinacrine  hydrochloride)  and  other  agents  with 
known  antimalarial  properties  and  to  widen  the  search  for  new  drugs  for  the 
treatment,  suppression,  and  possible  cure  of  malaria. 

Numerous  investigations  were  carried  out  by  civilian,  military,  and  pub¬ 
lic  health  research  groups  under  contract  of  the  Office  of  Scientific  Research 
and  Development,  Committee  on  Medical  Research  of  the  National  Research 
(’ouncil,  and  integrated  by  the  Board  for  the  Coordination  of  Malarial 
Studies.^  Approximately  15,000  compounds  were  studied,  and  the  more 
promising  were  given  detailed  pharmacological  and  toxicological  examina- 
t  ion  prior  to  testing  in  human  beings.  Important  contributions  to  the  knowl¬ 
edge  of  chemotherapy  of  malaria  resulted  from  this  comprehensive  program. 
Quinacrine  proved  as  good  as  quinine  in  most,  and  superior  in  some,  aspects 
of  treatment.  New  agents  were  found  that  proved  superior  both  to  quina¬ 
crine  and  quinine.  In  addition,  other  drugs  which  apparently  produce  defini¬ 
tive  cure  of  malaria  were  later  found. 

The  principal  purpose  of  this  chapter  is  :o  review  briefly  some  of  the 
clinical  drug  trials  made  during  World  War  II  in  relation  to  their  military 
application  in  the  management  of  malaria.  A  note  is  added  on  some  of  these 
studies  as  continued,  still  under  the  auspices  of  the  IT.S.  Army,  and  brought 
to  significant  conclusions  in  the  immediate  postwar  period  (p.  r){>4). 

PENICILLIN 

The  occurrence  of  acute  attacks  of  malaria  in  military  patients  who  were 
given  large  amounts  of  penicillin  for  surgical  or  other  infections  suggested 
very  early  in  experience  with  this  antibiotic  that  it  would  have  no  value  in 
the  treatment  of  malaria.  Failures  to  terminate  acute  attacks  with  penicil¬ 
lin  in  amounts  of  460,000  to  several  million  units  were  reported.  The  im- 

1  A  Joint  Body  Composed  of  Representatives  of  the  Office  of  Scientific  Research  and  Develop¬ 
ment.  the  Army,  the  Navy,  the  U.S.  Public  Health  Service,  and  the  National  Research  Connell,  vole. 
1-VlI.  [Official  record.] 
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pression  was  further  eonKrnied  in  the  treatment  of  -  ourosyphilis  with  peni¬ 
cillin  ami  in  the  treatment  of  fever  induced  by  malarial  infection  (transmitted 
by  Plusviodium  vivax  and  Plwtniodium  vuihirhw) r  Of  the  patients  who  had 
remissions  of  fever,  the  larger  j)ercentajre  (31  {)ercent  of  147  patients)  had 
had  no  penicillin  during  therapeutic  malaria;  the  smaller  |)ercentage  (13 
percent  of  46  patients)  were  given  30,000  units  every  3  hours  for  120  doses, 
beginnijig  the  day  after  a  rise  in  temjjerature  to  103°  F.  Again,  15  patients 
were  inoculated  with  the  McCoy  stmin  of  P.  vivax  and  studied  under  various 
schemes  of  treatment  with  penicillin.  Each  patient  received  3  million  units.® 
This  therapy  did  not  reduce  the  fever,  after  the  cycle  of  activity,  or  affect 
the  degree  of  parasitemia;  it  did  not  prevent,  postpone,  or  alter  the  nature 
of  the  attack  (chart  26).  Penicillin  had  evidently  no  place  in  the  preven¬ 
tion,  treatment,  or  suppression  of  malaria. 

HEAVY  METALS 

Arsenicals. — Arsenated  benzine  compounds  (arsphenamine,  neoarspliena- 
mine,  and  oxophenai-sine  hydrochloride  (Mapharsen))  commonly  used  in  the 
treatment  of  syphilis  have  for  a  long  time  been  known  to  possess  antimalarial 
properties  in  varying  degrees.  Studies  made  before  and  during  World 
War  II  *  showed  that  they  were  ineffective  against  infections  caused  by  P. 
maliiriae  and  P.  falciparum.  Given  intravenously,  intramuscularly,  or  orally, 
arsenicals  were  found  to  possess  definite  activity  in  terminating  the  parox¬ 
ysms  and  parasitemia  of  malaria  due  to  P.  vivax.,  particularly  in  blood- 
induced  infections;  in  naturally  acquired  malaria  ascribed  to  P.  vivax.,  they 
proved  inferior  to  quinacrine,  quinine,  and  other  drugs  as  regards  control  of 
fever,  parasitemia,  and  the  interval  to  relapse.  It  was  found  that  their  in¬ 
tensive  use  is  not  without  danger,  that  they  offer  no  practical  advantage  over 
more  effective  drugs,  and  finally  that  arsenicals  administered  alone  or  in 
conjunction  with  (piinacrine  or  bismuth  do  not  affect  the  natural  rela|)se  rate 
of  this  disease. 


2  PorHonal  rommunication,  Maj.  Harry  H.  Gordon,  MC,  Chief  of  Communicable  Diaeaaea,  Harmon 
Generai  Hoapitai,  Longview,  Tex.,  to  the  author. 

2  Hlndle,  J.  A.,  Rose,  A.  S.,  Trevett,  L.  D.,  and  Prout,  C. :  The  Effect  of  Peniciiiin  on  Inocuia- 
tion  Malaria :  A  Negative  Report.  New  England  J.  Med.  232 :  133-136,  1  Feb.  1945. 

<(1)  Werner,  H. :  Das  Ebrlich-HaU  Mittel  606  bel  Malaria.  Deutsche  med.  Wchnschr.  36 
(Pt.  2>  :  1792-1704,  29  Sept.  1010.  (2)  Curd,  F.  H.  S. :  The  Activity  of  Drugs  in  the  Malaria  of 

Man,  Monkeys,  and  Birds.  Ann.  Trop.  Med.  37:  115-143,  September  1943.  (3)  Goldman.  D. :  The 

Use  of  Mapharsen  in  the  Treatment  of  Malaria.  Am.  J.M.  Sc.  196:  502-509,  October  1938.  (4) 

Morrison,  W.  H..  and  Hill,  E.  R. :  Use  of  Mapharsen  in  Relapsing  Tertian  Malaria.  [Official  record.] 
(5)  Ka.v.  C.  F. :  Failure  of  Mapharsen  as  an  Adjuvant  to  Atabrine  in  the  Treatment  of  Relapsing 
Tertian  Malaria.  J.A.M.A.  127;  984,  14  Apr.  1945.  (6)  Spector,  S.,  Haviland,  J.  W..  and  Coggles- 

hall.  L.  T. :  The  Ineffectiveness  of  Intensive  Mapharsen,  Bismuth,  and  Carbarsone  as  Curative  Drugs 
for  Chronic  Malaria.  Am.  J.  Trop.  Med.  23:  46.3-467.  November  1945.  (7)  Bispham,  William  N. : 

Malaria:  Its  Diagnosis,  Treatment  and  Prophylaxis.  Baltimore:  Williams  &  Wilkins  Co.,  1944. 
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Chabt  26. — Penicillin  studies  in  three  patients »  icith  vivax  malaria 

TCHKRATURC 

•F. 


OArs 

1  Patient  M.R.  received  penicillin  after  the  development  of  paraeitemia  and  fever.  Patient  H.P. 
received  penicillin  several  days  before  the  Inoculation  of  malaria.  Patient  W.F.  received  penicillin 
on  or  about  the  same  day  as  the  malarial  inoculation. 
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Bismuth  compounds. — In  one  study  ®  imported  during  World  War  II,  it 
was  shown  that  prolonged  courses  of  bismuth  subsalicylate  in  conjunction 
with  intensive  Mapharsen  therapy  did  not  reduce  the  relapse  rate  in  natu¬ 
rally  acquired  vivax  malaria  of  Pacific  origin.  Bismuth  compounds  have 
some  limited  value  in  therapeutic  management  through  their  ability  to  es¬ 
tablish  tertian  periodicity  *  in  patients  with  induced  vivax  malaria  who  have 
daily  or  irregular  paroxysms,  by  interrupting,  although  not  terminating,  the 
infection. 

Antimony  compounds. — ^These  components  have  been  shown  to  have  anti- 
malarial  properties’^  both  in  vivax  ^  and  falciparum^  infections,  but  practi¬ 
cal  application  was  not  found  for  them  in  the  treatment  of  vivax  malaria  of 
Pacific  origin.  They  have  been  provocative  in  precipitating  clinical  attacks 
of  falciparum  or  vivax  malaria  in  patients  under  treatment  for  kala-azar  or 
schistosomiasis.  It  is  of  interest,  too,  that  relapses  of  vivax  malaria  have 
occurred  in  nonendemic  areas  in  patients  who  had  previously  raceived  one 
or  more  intensive  courses  of  trivalent  compounds  (stibophen  (Fuadin)  or 
tartar  emetic)  for  schistosomiasis  japonica,  or  pentavalent  compounds  (sti- 
bamine  glucoside  (Neostam)  and/or  ethylstibamine  (Neostibosan) )  for  kala- 
azar.  The  prolonged  administration  of  tartar  emetic  (30  days  or  more)  in 
therapeutic  amounts  (1.8  to  2.25  gm.)  in  many  cases  is  moderately  toxic. 

SULFONAMIDES 

Shortly  after  the  introduction  of  the  sulfonamides  in  the  chemotherapy 
of  infections,  they  were  found  to  possess  antimalarial  activity  of  varying 
degree.  Although  data  from  many  studies  indicated  their  limitations,  addi- 


5  See  footnote  4  (6).  p.  526. 

8  YoiinK.  M.  D..  McI.,en<lon.  S.  B.,  and  Smarr.  R.  G. :  The  Selective  Action  of  Thiobismol  on 
Induced  Malaria.  J.A.M.A.  122  :  492-494,  19  June  1943. 

T  Schmidt,  Hans,  and  Peter,  F.  M. :  Advances  in  the  Therapeutics  of  Antimony.  Leipzig :  Georg 
Thleme,  1938,  pp.  80-82. 

8  Cole,  H.  N.,  DeOreo.  G.  A.,  Driver,  J.  R.,  .Tohnson.  H.  H..  and  Schwartz,  W.  F. ;  Use  of  Bis¬ 
muth  Injections  to  Manage  Course  of  Therapeutic  Malaria.  J.A.M.A.  115 :  422-427,  10  Aug.  1940. 

8  (1)  De  Nunno,  R. :  Azlone  del  tartaro  stibiato  sul  gametoclti  del  plasmodium  vivax  e  del  pi. 
falciparum.  Ricercbe  sperimentali.  Rlforma  med.  54 :  1599-1601,  22  Oct.  1938.  (2)  De  Nunno,  R. : 

La  stlmolazlone  antlmoniale  del  s.r.e.  come  mezzo  terapeutlco  mella  malaria  estlvo-autumnale  chinlno- 
plasmochina-atebrin  resistente.  Nota  preventive.  Riforma  med.  51 :  1087-1093,  20  July  1935. 

10  (1)  Niven,  J.  C. :  SulpbanUamide  (Prontosil)  in  the  Treatment  of  Malaria.  Bull.  Inst.  M. 
Research,  Federated  Malay  States  (no.  4),  pp.  1-27,  1938.  (2)  Niven.  J.  C. :  Sulphanilamide  in  the 

Treatment  of  Malaria.  Tr.  Roy.  Soc.  Trop.  Med.  &  Hyg.  32:  413-418,  November  1938.  (3)  Tama- 
mato,  E. :  Sulfanllimide  in  Malaria.  Japanese  J.  Dermat.  &  Vroi.  46 :  78,  20  Oct.  1939.  (4) 
Chopra,  R.  N..  Das  Gupta,  B.  M.,  Sen,  B.,  and  Hayter,  R.  T.  M. :  Prontosii  in  Indian  Strains  of 
Malaria.  Indian  M.  Gaz.  74 :  321-324,  June  1939.  (5)  De  Leon,  A.  D. :  El  paludismo  y  su  Trata- 

miento  Intra-venoso  por  las  Snlfanilimldas.  Medicina,  Mexico  20:  551,  10  Nov.  1940.  (6)  Chopra, 

R.  N.,  Hayter,  R.  T.  M.,  and  Sen,  B. :  M,  &  B.  693  in  Indian  Strains  of  Malaria.  Indian  M.  Gaz. 
74  :  658-660,  November  1939.  (7)  Coggeshali,  L.  T.,  Maier,  J.,  and  Best,  C.  A.:  Effectiveness  of 

2  New  Types  of  Chemotherapeutic  Agents  in  Malaria.  J.A.M.A.  117 :  1077-1081.  27  Sept.  1941. 
(8)  Johnson,  C.  E.,  Jr.:  Status  of  Sulfonamide  Therapy  in  Malaria.  Am.  J.M.  Sc.  206:  327-336, 
September  1943.  (9)  Schwartz,  L.,  Furst,  W'.,  and  Flippin,  H.  F. :  Sulfathiazoie  as  an  .Vntinialarial. 

Am.  .7.  Hyg.  Sect.  C  34  :  160-162,  November  1941. 
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tional  trials  were  undertaken  to  detennine  their  suppressive  and  clinical  value 
in  malaria  of  war  origin.  Observations  showed  quite  definitely  that  sul¬ 
fonamides  do  not  affect  the  relapse  rate  of  vivax  malaria,  and  successful  ter¬ 
mination  of  acute  attacks  was  achieved  only  with  large  doses,  which  not 
infrequently  resulted  in  sulfonamide  toxicity.  Fever  and  parasitemia  were 
not  controlled  promptly,  and  relapses  occurred  early  following  treatment. 
In  .short,  .sulfonamides  were  inferior  to  quinine  or  quinacrine  in  terminating 
acute  attacks.  They  were  found  to  be  more  effective  in  malaria  caused  by 
P.  falel'parum.  In  a  study  from  West  Africa,  four  out  of  six  sulfonamide 
compounds  exerted  a  definite  effect  on  fever  and  parasitemia,  but  all  of  them 
were  considered  inferior  to  quinine  and  quinacrine  in  the  treatment  of  fal¬ 
ciparum  infections. 

It  was  observed  that  siifonamides  used  in  the  treatment  of  bacterial 
infections  may  suppress  parasitemia  due  to  P.  falciparum  or  P.  vivax  and  so 
delay  the  diagnosis  of  malaria  in  patients  currently  or  recently  under  treat¬ 
ment  for  pneumonia  or  other  infections.^^ 

Field  studies  were  conducted  in  various  theaters.  It  had  previously 
been  shown  that  plasma  levels  of  4  mg.  percent  or  higher  maintained  for  28 
days  after  the  inoculation  of  trophozoites  of  P.  falciparum  prevented  the 
subsequent  development  of  this  infection  but  failed  to  suppress  experimen¬ 
tally  induced  infections  with  P.  vivax.  In  a  series  of  brilliantly  conceived 
and  executed  experiments  by  Australian  research  teams  on  the  chemothera¬ 
peutic,  suppressive,  and  prophylactic  activity  of  various  drugs,  it  was  dem¬ 
onstrated  that  daily  doses  of  1  gm.  of  sulfamerazine,  sulfadiazine,  or  sulfa¬ 
methazine  would  effectively  suppress  falciparum  malaria  but  would  prove 
ineffective  against  infections  with  P.  vivax.^'^ 

The  practical  application  of  sulfamerazine  as  a  suppressive  agent  in  var¬ 
ious  field  studies  is  summarized  in  table  73.  These  observations  show  that 
sulfamerazine  in  daily  doses  of  0.5  gm.  was  not  a  causal  prophylactic,  that 
cyanosis  and  other  manifestations  of  toxicity  were  not  uncommon,  that  more 
clinical  attacks  occurred  during  suppression  with  sulfamerazine  than  with 
quinacrine  and  that  they  occurred  sooner  after  discontinuance  of  the  drug, 
and  that  sulfamerazine  exhibited  a  high  degree  of  suppressive  activity  but 
was  inferior  to  0.6  gm.  quinacrine  weekly. 

Thus,  the  sulfonamides  at  most  have  only  limited  if  any  value  in  the 
practical  treatment  or  suppression  of  malaria  during  war  or  in  civilian  life 
if  quinine,  quinacrine,  or  equally  effective  agents  are  available. 

u  Page,  S.  G.,  Jr.,  and  McCall,  J.  V.,  Jr. :  Delay  In  Diagnosing  Malaria  After  Sulfadiazine 
Therapy;  Two  Case  Reports.  South.  M.J.  39:  728-731,  September  1946. 

12  Fairley,  N.  H. :  Chemotherapeutic  Suppression  and  Prophylaxis  in  Malaria ;  An  Experimental 
Investigation  Undertaken  by  Medical  Research  Teams  in  Australia.  Tr.  Roy.  Soc.  Trop.  Med.  & 
Hyg.  38:  311-365,  May  1945. 
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Table  73. — Experimental  field  tests  with  sulfainerazine,  Atabrine,  and  siitfapyrazine 


Drug 

Dosage 

Days 

of 

expo- 

SUIV 

Davs 

of 

drug 

Num- 

"f 

suli- 

j»HtS 

.Nuniiierof 

l>n-Hk- 

througlis 

Number  of 
infections 

'roCa2  malaria  ; 
cases  ‘ 

1 

Duration 

of 

followup 

Panama  < 

Sulfamerazine. . . . 

0.5  gm.  daily... 

32 

42 

111 

2  vital 

^13  near 
|l  falciparum 
.,]l  virax 
ll  falciparum 

lg|5  rirax 

1  \\  falciparum 
\ .,)  1  virax 
l"ll/aifiaarum  ' 

30  days. 

Atabrine. . 

0.4  gm.  weekly. 

32 

42 

109 

0 

Southwest  Pacific  .Area  - 

Sulfamerazine. . . . 
Do . 

0.5 gm.  daily... 
1.0  gm.  daily... 

44 

44 

54 

54 

99 

12 

1  falciparum 

1  vivttx 

\  |2S  rirax 

J34<  S falciparum 
’  [  3  niixisl 

1  l29  rirax 

|36<  4 falciparum 
\  1  3  mi>ed  ! 

57  days. 

•Atabrine .  . 

0.6  gm.  weekly. 

44 

54 

107 

0 

25  rirax 

25  rirax  i 

Southwest  Area  > 


30+17 

[5  rirax 

Sulfamerazine. .. . 

0.5  gm.  daily... 

33 

on 

Ata- 

100 

2 

6 

8i2  falciparum 
[l  mixed 

l>rine. 

[l5  tirax 

Atabrine . 

0.4  gm.  weekly. 

33 

42 

114 

10 

23 

31<9/(ifciparum 

1?  mixed 

India  < 


Sulfamerazine.... 
.Atabrine . 

0,5  gm.  <iaily... 
0.4  gm.  weekly. 

31 

31 

39 

39 

•200 

•200 

! 

i 

9  1 

14 

9 

4  days. 
Do. 

Sulfapyrazine . 

.Atabrine . 

AVest  .Africa  > 

0.5  gm.  daily... 
0.4  gm.  weekly. 

140 

140 

4 

24 

1  In  the  control  group  for  the  experimental  field  tests  conducted  by  Col.  Wesley  C.  Cox,  MC,  In  Panama,  281  subjects 
were  kept  under  rigid  malaria  control  and  discipline.  There  were  four  cases  of  malaria  and  all  suffered  breakthroughs 
caused  by  virax  Infections.  None  suffered  infections  following  suppressive  treatment.  Duration  of  followup  after  therapy 
was  30  days. 

>  In  the  field  tests  conducted  by  Col.  -Maurice  C.  Pincoffs,  MC,  in  the  Southwest  Pacific  Area,  there  were  51  subjects 
who  had  been  exposed  to  malaria  for  44  days  and  had  received  a  malaria  suppressive  for  54  days.  There  were  32  cases 
of  malaria  of  which  17  suffered  breakthroughs.  There  were  eight  breakthroughs  due  to  riroi  infections,  eight  to  falciparum 
infections,  and  one  mixed  infection.  Eight  suffered  infections  after  suppressive  treatment,  five  were  tirax  Infections,  two 
alciparum  infections,  and  one  mixed  infection. 

>  Tests  conducted  by  Col.  Earl  Maxwell,  MC. 

<  Tests  conducted  by  R.  N.  Chopra. 

•  Tests  conducted  by  Brigadier  O.  M.  Findlay. 
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Acute  attacks 

It  had  been  shown  that  plasma  concentrations  of  quinine  of  4.5  mg.  per 
liter  (dosage  range  0.12  to  1.8  gm.  daily)  were  effective  in  suppressing  and 
in  terminating  acute  attacks  of  vivax  malaria.  Plasma  levels  of  5.5  mg. 
per  liter  suppressed  and  terminated  acute  attacks  of  falciparum,  malaria. 
Nevertheless,  in  a  field-type  experiment  with  New  (iiiinea  strains,  daily  doses 
of  O.f)  gm.  failed  to  prevent  attacks  of  faJcii>anim  malaria,  and  0.3  gm.  daily 
was  incapable  of  preventing  vivax  attacks.  When  the  hitter  dose  was  in¬ 
creased  to  0.6  gm.,  complete  suppression  was  achieved  iii  .“^nme  cases  of  in¬ 
fection  with  P.  vivax  but  not  in  others.  By  contrast,  daily  doses  of  0.1  gm. 
of  quinacrine  were  completely  effective  in  suppressing  infections  with  either 
agent. 

In  West  Africa,  daily  suppressive  doses  of  0.3  gm.  quinine  were  a.sso- 
ciated  with  a  malaria  rate  of  651  per  1,000  in  a  group  of  1.180  men,  with  4 
cases  of  blackivater  fever.  In  another  group  of  96  men  given  0.3  gm.  of 
quinine  daily,  70  developed  clinical  malaria  while  on  this  regimen  and  7  more 
while  being  transferred  to  quinacrine.  On  the  other  hand,  in  752  men  on 
relatively  small  doses  of  quinacrine  (0.4  gm.  weekly),  the  rate  was  450  per 
1,000  with  only  1  case  of  blackwater  fever.  This  definite  discrepancy  in 
attack  rate  would  doubtless  have  been  larger  if  they  had  been  given  what 
was  subsequently  found  to  be  the  optimum  dosage  of  quinacrine  (0.7  gm. 
weekly). 

Relapses 

Clinical  studies  in  this  country  were  undertaken  to  determine  the  ef¬ 
fectiveness  of  maximum  doses  of  quinine  in  terminating  acute  attacks  of 
relapsing  vivax  malaria  of  Pacific  origin.  The  following  i-esults  were  re¬ 
ported  in  a  comparative  study  of  a  group  of  100  patients  treated  with  28.35 
gm.  of  quinine  during  14  days  .ind  a  control  group  of  150  patients  treated 
with  2.8  gm.  of  quinacrine  during  7  days:  The  mean  level  of  quinine  in  the 
plasma  during  treatment  was  7.3  mg.  per  liter,  well  above  the  demonstrated 
effective  range.  Both  groups  had  blood-smear  examinations  twice  Aveekly 
after  completion  of  treatment  and  were  observed  for  120  days  for  clinical  or 
parasitemic  relapse. 

Special  considerations 

Control  of  parasitemia. — As  shown  in  chart  27,  quinacrine  proved  sig¬ 
nificantly  superior  to  quinine  in  rapidly  clearing  the  blood  of  malarial  para¬ 
sites,  in  some  patients  within  12  hours  of  the  first  dose.  At  24  hours,  26 

Bl-Monthly  Progress  Report  No.  12.  Committee  on  Medical  Research,  Office  of  Scientific  Re¬ 
search  and  Development,  1  Sept.  Ifl43,  subject:  Malarial  Chemotherapy,  Contract  No.  OEMcmr-112. 

IS  (1)  Most.  H.,  and  Hayi  .in,  J.  M.,  Jr.:  Relative  Efficiency  of  Quinacrine  (Atabrine)  nn<I 
Quinine  in  Treatment  of  Acute  Attacks  of  Vivax  Malaria.  Am.  .T.M.  Sc.  211  :  320-324.  March  1940. 
(2)  Gordon,  H.  H.,  Christianson,  H.  B.,  and  Llppincott,  S.  W.  :  A  Comparison  of  Quinine  and 
Quinacrine  in  the  Treatment  of  the  Clinical  Attacks  of  Vivax  Malaria.  Soiitii.  iI..T.  39:  031-0.34. 
August  1946. 
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percent  of  those  treated  with  quinacrine  and  only  7  percent  of  those  given 
quinine  were  free  of  parasites,  as  were  77  percent  and  44  percent,  respec¬ 
tively,  at  48  hours.  At  72  hours,  only  4  percent  of  patients  treated  with 
quinacrine  still  showed  parasites,  and  all  were  clear  at  96  hours;  almost  one- 
fourth  of  the  patients  treated  with  quinine  still  had  parasitemia  at  72  hours, 
and  in  a  few  this  |)ersisted  as  long  as  132  hours. 

Chart  li". — Rate  of  dimitinaravve  of  parosites  durhig  treatment  of  acute  attacks  of 
vivax  malaria  tvith  quinacrine  hydrochloride  or  quinine 


[Rat«^  t'xprt'ssed  us  lu-rfj'iituge  of  |>atientH  with  negutive  smears] 


HOURS  AFTER  FIRST  OOSE  OF  DRUG 


1  Total  Uoae  :  28.35  gm. :  duration:  14  days  (100  patients). 
-  Total  dose  :  2.8  gni. ;  duration  :  7  days  (397  patients). 


Control  of  fever. — The  idea  frequently  advanced  that  quinine  should  be 
used  during  the  first  few  days  of  an  acute  attack  because  of  its  superiority 
in  controlling  fever  quickly  was  not  borne  out  in  this  study.  Quinine  was 
not  significantly  more  effective  in  this  respect  in  relapses  and  was  in  fact 
less  effective  in  patients  with  delayed  primary  attacks,  of  whom  32  percent 
had  fever  on  the  second  or  third  day  after  beginning  treatment  with  quinine, 
as  compared  to  16  percent  with  quinacrine. 

Control  of  other  symptoms. — It  is  difficult  to  evaluate,  in  relation  to 
therapy,  data  on  such  symptoms  as  headache,  backache,  nausea,  malaise,  and 
weakness,  which  usually  occur  in  an  attack  of  malaria.  Statistically,  there 
was  little  difference  in  the  duration  of  these  symptoms  under  treatment  with 
one  or  the  other  drug,  although  clinically  one  had  the  impression  that  such 
symptoms,  particularly  weakness  and  anorexia,  were  more  promptly  con¬ 
trolled  with  quinacrine. 
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Toxicity.— 1  ’ersistent  vomit in^r  assix-iated  with  the  malarial  attack  was 
controlled  by  withholding  fluids  and  food  by  mouth  and  by  giving  intra¬ 
venous  glucose  prior  to  the  administration  of  <piinacrine.  Given  several 
hours  of  freedom  from  vomiting,  this  symptom  was  not  brought  on  again 
bv  the  drug. 

Gastrointestinal  disturbances  controlled  as  descrilx'd  were  not  aggravated 
by  (piinine.  Patients  with  eczematoid  or  exfoliative  dermatitis  and  malaria 
had  no  activation  of  the  skin  process  attributable  to  quinine.  One  patient, 
who  proved  to  lx>  hypersensitive  to  the  dm  '  acute  thrombopenic 

purpura  and  severe  angioneurotic  edema  of  i  die  fii*st  day  of  treat¬ 

ment.  Such  reactions,  although  not  tmknown,  were  admittedly  rare.  A 
fairly  liigh  proportion  of  patients  treated  with  quinine,  however,  complained 
of  severe  and  annoying  tinnitus  and  fullness  in  the  ears  or  head.  In  many 
cases,  this  seemed  to  retard  full  ivcovery  from  the  symptoms  of  an  acute 
attack. 

Xo  major  toxic  manifestations  were  seen  during  treatment  with  quina- 
crine.  Patients  wlio  alleged  previous  intolerance  to  the  drug  displayed  none 
when  it  was  given  to  them  in  colored  capsules  without  their  knowledge  of 
the  contents.  In  this  series,  signs  and  symptoms  referable  to  the  central 
nervous  system  were  not  encountered  in  relation  to  quinacrine  therapy.  Two 
patients  with  severe  eczematoid  dermatitis  and  acute  malaria  who  were  not 
having  specific  antimalarial  treatment  had  flarenps  of  the  skin  process,  and 
many  others  with  the  two  comlitions  suffered  no  ill  effects  from  treatment 
with  quinacrine. 

Relapse  rate  and  interval  to  relapse. — Approximately  80  percent  of  Pa¬ 
cific  infections  relapsed  within  the  observation  period  of  120  days,  whether 
treated  with  quinacrine  or  quinine,  but  there  was  a  striking  difference  in  the 
length  of  the  interval  to  relapse.  In  short,  the  mean  internal  following 
treatment  with  quinine  was  22  days  as  compared  with  53  days  following 
treatment  with  (juinacrine  (chart  28).  Quinacrine  thus  effected  a  longer 
interval  to  relapse  by  at  least  a  month,  reducing  to  a  minimum  the  number 
of  relap.ses  occurring  within  30  days  of  treatment  and  in  30  percent  of  cases 
prolonging  the  interval  to  more  than  60  days. 

Falciparum  infections 

Single  intravenous  injections  of  as  much  as  1.2  gm.  of  quinine  failed  to 
tei'ininate  acute  attacks  caused  by  P.  faJripantm  in  5  out  of  10  ])atients, 
while  intravenous  injection  of  single  doses  of  0.4  to  1.0  gm.  of  quinacrine 
terminated  attacks  due  to  P.  falct pamm  in  49  out  of  50  cases  at  the  20th 
General  Hospital,  India-Burma  theater.  The  relative  merits  of  parenteral 
quinine  and  quinacrine  in  fidminating  falciparum  infections  are  discussed  in 
the  section  on  quinacrine.  Maximum  doses  of  quinine  have  been  shown  to 
produce  more  minor  and  major  toxic  manifestations  than  therapeutic  amounts 
of  quinacrine.  Aside  from  cinchonism,  quinine  used  in  10,000  cases  of  ma- 
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Chakt  28. — Relapse  rates  and  intervals  to  relapse  following  treatment,  by  days,  with 
quinacrine  hydrochloride  or  quinine  of  250  acute  attacks  of  vivax  malaria  of  Pacific  origin 


{Cuniulathv  rafp.  of  i>atieiitti  troutwl] 


PERCENT 


>  Total  (lose;  28.35  ;  duration:  14  days  <100  patients). 

■-  Total  dose  :  2.8  gm. ;  duration  :  7  days  (150  patients). 


laria  was  associated  with  an  incidence  of  purpura  in  5  percent,  with  2  deaths, 
whereas  no  case  of  purpura  occurred  in  2,500  cases  treated  with  quinacrine 
in  Panama.^®  Fatal  bullous  erythema  following  1.95  gm.  and  severe  derma¬ 
titis  after  15  gm.  of  oral  quinine  were  reported  in  two  patients  in  India.  In 
addition,  gluteal  abscesses  from  intramuscular  quinine  and  convulsions  fol¬ 
lowed  by  death  during  or  shortly  after  intravenous  quinine  occurred  in  eight 
patients.^’^ 

Summary  of  comparative  studies 

There  remained  little  question,  theT"  fore,  after  consideration  of  the  data 
presented,  that  quinine  is  a  relatively  inferior  drug  in  the  treatment  of  acute 
attacks  of  mvax  malaria  or  in  the  suppression  of  infections  with  P.  vivax  or 
P.  falciparum  in  nonimmune  military  personnel.  Its  early  use  in  the  Pacific 
combat  areas  resulted  in  numerous  “breakthroughs”  of  falciparum  and  vivax 
malaria  during  suppression  and  in  early  and  repeated  relapses  of  the  latter. 
Fortunately,  quinacrine  was  available  in  adequate  amounts,  and  its  estab¬ 
lishment  as  the  standard  drug  resulted  in  effective  suppression  and  satis¬ 
factory  control  of  clinical  attacks. 

16  Shrager,  J.,  and  Kean,  B.  H. :  Purpura  as  a  Complication  of  Malaria.  Am.  J.M.  Sc.  212: 
54-59.  July  1946. 

IT  Ksaentlal  Technical  Medical  Data,  Indla-Biirina  Theater,  for  June  194.'5, 
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Totaquine 

Tota<iuine  (containing  not  less  tlian  7  percent  nor  more  than  12  percent 
of  anhydrous  quinine  and  not  less  than  70  percent  nor  more  than  HO  |)ercent 
of  total  anhydrous  crystallizable  cinchona  alkaloids)  was  studied  at  several 
general  hospitals  in  the  Zone  of  Interior  and  overseas.  Relatively  large 
amounts  were  available  and  more  could  be  obtained  for  civilian  or  military 
use.  The  antinialarial  qualities  of  all  the  cinchona  alkaloids  it  contained,  if 
additive,  could  result  in  substantial  saving  in  quinine  and  other  alkaloids. 

In  a  study  carried  out  at  Kennedy  General  Hospital,  Memphis,  Tenn., 
in  July  1944,  totaquine  proved  as  effective  as  quinine  in  terminating  acute 
attacks  of  malaria  due  to  P.  vivax  of  Pacific  origin,  but  it  more  frequently 
produced  epigastric  distress,  blurred  vision,  dizziness,  and  severe  vomiting. 
Similar  findings  were  reported  in  a  study  at  Bushnell  General  Hospital, 
Brigham  City,  Utah.  In  addition  to  the  patients  treated  for  5  days,  53  were 
maintained  on  suppressive  doses  (0.6  gm.  daily)  for  55  days.  Of  these,  13 
(about  25  percent)  “broke  through”  with  clinical  malaria.  Of  the  treated 
patients,  60  j)ercent  relapsed;  the  average  interval  to  relapse  was  34  days 
after  suppressive  treatment  with  totaquine. 

At  the  31st  Station  Hospital  in  New  Caledonia,  a  study  of  patients  in 
groups  of  80  treated  with  totaquine,  quinine,  or  quinacrine,  for  relapsing 
malaria  of  Pacific  origin,  again  showed  not  much  difference  as  to  control  of 
parasitemia,  fever,  and  other  symptoms.^*  Again  nausea,  vomiting,  vertigo, 
and  blurred  vision  were  observed  with  totaquine  and  in  some  cases  were 
severe.  Relapses  began  within  1  week  after  completion  of  treatment  with 
totaquine  or  quinine,  reaching  their  jjeak  in  2  weeks,  whereas  relapses  after 
quinacrine  did  not  begin  until  3  weeks  after  completion  of  treatment  and 
reached  their  peak  at  6  weeks.  Similar  findings  were  reported  from  two 
Anny  hospitals  in  another  theater. 

In  summary,  these  studies  indicate  that  totaquine  is  as  efficient  as  quinine 
m  terminating  acute  attacks  of  malaria,  but  is  more  toxic.  Moreover,  like 
quinine,  totaquine  is  less  effective  than  quinacrine  in  controlling  fever  and 
parasitemia  and  in  shortening  the  intervals  between  relapses. 

These  factors,  in  addition  to  its  l)eing  inefficient  as  a  suppressive,  vari¬ 
able  in  alkaloid  content,  and  <lifficult  to  standardize,  would  preclude  the  use 
of  totaquine  on  a  wide  scale  for  military  purposes.  It  could,  however,  have 
a  useful  role  in  the  treatment  of  malaria  in  highly  immune  individuals  in 
whom  small  amounts  of  any  antinialarial  agent  are  effective  in  terminating 
periods  of  clinical  activity.  A  considerable  advantage  in  the  use  of  totaquine 
in  areas  Avhere  it  is  locally  available  would  be  the  relatively  low  cost  and 
ease  of  preparation,  permitting  the  use  of  low  grade  barks  of  poor  quinine 
content. 

IS  Green.  R.  A. :  Totaquine  in  the  Treatment  of  Malaria.  Bull.  U.S.  Army  M.  Dept.  No.  84. 
pp.  51-57,  January  1945. 
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Other  Cinchona  Alkaloids 

Dihydroquinine,  more  coinnionly  known  as  liydnxiuinine,  offered  an  in¬ 
teresting  possibility  because  it  not  only  could  l)e  totally  synthesized  but  could 
be  obtained  in  95  to  1(X)  percent  yield  from  the  hydrogenation  of  quinine. 
If  the  higher  therapeutic  activity  of  dihydroquinine  claimed  for  it  in  studies 
of  malaria  in  birds  could  be  demonstrated  in  man,  a  useful  substitute  for 
quinine  might  be  available  synthetically,  or  the  effective  stores  of  quinine 
could  be  increased  from  15  to  20  percent  by  converting  the  latter  to  dihydro¬ 
quinine.  However,  clinical  tests  in  the  Pacific  with  total  daily  doses  of  0.3 
to  1.8  gm.  for  6  days  in  relapsing  vivax  malaria  failed  to  show  any  greater 
therapeutic  activity  of  dihydroquinine  over  quinine.  One  patient  complained 
of  blurred  vision  after  a  total  of  0.6  gm.,  and  three  other  men  receiving  0.3 
gm.  three  times  daily  complained  of  vertigo  (two  patients)  and  weakness  in 
the  legs  (one  patient).  Dihydroquinine  therefore  offered  no  advantage  over 
quinine. 

The  antimalarial  activity  of  quinidine.  cinchonine,  and  cinchonidine  have 
been  known  for  a  long  time,  and  their  ability  in  terminating  clinical  attacks 
of  malaria  was  demonstrated  many  years  ago.*®  Quinidine  as  an  antimalarial 
was  not  explored  extensively  because  of  its  potential  cai*diac  toxicity,  nor 
were  cinchonine  and  cinchonidine,  individually  representing  small  fractions 
of  the  total  cinchona  alkaloids.  Development  of  chemical  methods-®  for 
estimating  plasma  levels  of  these  alkaloids  made  it  possible  to  evaluate  their 
relative  antimalarial  activity  in  man.  It  was  shown  that  jdasma  levels  of 
0,1  and  0.5  mg.  per  liter  for  cinchonine  and  2.5  and  3.0  mg.  per  liter  for  cin¬ 
chonidine  for  clinical  control  of  acute  attacks  of  malaria  were  effective  against 
vivax  and  faJcipamni  infections,  respectively,  and  that  these  levels  were  at¬ 
tained  with  daily  doses  of  2.0  to  3.0  gm.  of  cinchonine  and  1.0  to  3.0  gm.  of 
cinchonidine.  The  effective  levels  of  quinine  are  4.0  mg.  for  vivax  infections 
and  5.0  mg.  for  falcipcnm  infections,  although  some  of  the  latter  may  not 
be  controlled  with  levels  as  high  as  10  mg.  per  liter.  Total  daily  amounts  of 
1.5  gm.  of  quinine  (0.65  every  8  hovir?)  will  provide  levels  of  7.0  to  12.9  mg. 
per  liter  (average  10.3),  which  are  adequate  to  control  most  infections.  Al¬ 
though  it  may  ajjpear  that  cinchonine  and  cinchonidine  are  more  effective 
than  quinine  by  virtue  of  activity  at  lower  plasma  levels,  it  must  be  recog¬ 
nized  that  such  levels  are  obtained  only  with  two  to  four  times  the  amounts 
of  these  drugs  in  comparison  with  quinine.  Consequently,  no  practical  advan¬ 
tage  could  be  derived  from  the  individual  use  of  cinchonine  or  cinchonidine 
in  the  routine  termination  of  attacks  of  malaria  since  they  would  ultimately 
have  to  be  derived  from  cinchona  itself.  No  clinical  studies  with  cinchonine 
or  cinchonidine  were  undertaken  in  the  Army.  However,  it  was  concluded 

I'J  Nelson,  E.  E.  :  'Cinchona  and  Its  Alkaloids  in  tlie  Treatment  of  Malaria.  A  Symposium  on 
Human  Malaria.  (Pub.  No.  15.)  Washington:  American  Association  for  the  Advancement  of  Sci¬ 
ence.  1!)41.  pp.  255-260. 

20  Bi-Monthly  Progress  Report  No.  11,  Committee  on  Medical  Research,  Office  of  Scientific  Re¬ 
search  and  Development,  2  July  194.‘1,  subject:  Malarial  Chemotherapy,  Contract  No.  OEMcnir-112. 
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from  civilian  studies  that  they  were  less  toxic  than  quinine,  particularly  with 
respect  to  symptoms  attributable  to  the  special  senses,  and  that  these  drugs 
singly  or  in  combination,  as  in  totaquine,  shoidd  l»e  api)roximately  e<iuivalent 
to  (piinine  in  antiinalarial  ac*^i  /ity. 

Summary  of  Studies 

Studies  with  cinchona  alkaloids  <hiri!ig  the  war  were  therefore  of  definite 
practical  value.  It  was  demonstrated  that  totaquine  and  its  component  alka¬ 
loids  were  as  effective  as  quinine  but  more  toxic,  that  the  cinchona  alkaloids 
were  inferior  to  quinacrine  in  larth  suppression  and  termination  of  acute 
attacks  of  malaria,  and  that  the  loss  of  quinine  was  accordingly  not  a  serious 
military  problem.  A  rational  method  of  assay  of  antimalarial  properties  of 
drugs  was  developed  and  the  efficiency  of  tlie  various  cinchona  alkaloids  re¬ 
evaluated.  Xo  conclusive  studies  on  the  relative  efficiency  of  parenteral  qui¬ 
nine  and  quinacrine  in  the  treatment  of  cerebral  malaria  were  reported,  and 
this  problem  still  reijuires  investigation  before  a  final  estimate  can  be  made 
of  the  role  quinine  should  play  in  the  therapy  of  malaria. 

QUINACRINE  HYDROCHLORIDE  (ATABRINE) 

The  extensive  prewar  literature  dealing  with  the  antimalarial  properties 
and  toxicity  of  quinacrine  has  been  adequately  reviewed.--  Following  the 
introduction  of  this  drug  in  1931,  it  became  apparent  that  the  originally  advo¬ 
cated  dosage  schedule  of  0.1  gm,  three  times  daily  for  5  days  was  in  many 
cases,  particularly  in  severe  falciparum  infections,  inadequate  for  ])rompt  and 
effective  control  of  fever,  symptoms,  and  parasitemia.  There  were  numerous 
revisions  in  treatment  plans,  but  there  was  no  rational  pharmacological  basis 
for  defining  what  dosage  and  treatment  schedules  wei-e  best  for  terminating 
acute  attacks  or  for  suppression.  The  relative  efficiency  of  quinacrine  versus 
quinine  had  not  been  established,  and  it  was  (jnestionable  whether  we  would 
be  able  to  produce  adequate  amounts  of  effective  antimalarial  drugs.  Numer¬ 
ous  studies  were  conducted  in  many  laboratories  and  hospitals  in  the  various 
theaters.  It  is  the  purpose  of  this  section  to  review  briefly  basic  clinical  and 
other  observations  hat  established  .p,  nacrine  as  a  highly  effective  and  satis¬ 
factory  antimalarial  during  the  war. 

In  1941,  American  chemists  '!<  '''S  vied  in  completely  synthesizing  quina¬ 
crine.  Chemical,  ])harmacological,  and  clinical  investigations  sponsored  by 
the  National  Rese:ircli  Council  established  the  identity  of  the  German  and 
American  drugs  and  found  no  appreciable  difference  between  them  as  regards 
side  reactions.  Rumors  that  the  American  preparation  was  not  identical 
with  the  German  drug  could  be  definitely  dismissed.  Finally,  tremendously 
increased  production  a.ssured  an  adequate  supply  at  least  foi-  military  use  at 
first  and  later  for  civilian  and  lend-lease  purposes. 

21  Formula  ;  .3-Chloro-7-iiictlioxy-9-(l-iiiethyI-4-(lU>tli.vlnmiiio-but}ianiino)  acridino  dihytlrochlorlde. 

22  See  footnote  4  (7),  p.  526. 
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General  Properties 

Practical,  highly  sensitive,  and  accurate  chemical  methods  for  the  esti¬ 
mation  of  cjuinacrine  concentrations  in  the  blood  and  tissues  made  it  possible 
to  study  its  physiological  disposition  in  the  human  body.-^  It  was  shown 
that ; 

•  •  *  Atubrlne  is  almost  o«»mpletely  absorbed  in  the  $;astrointestinal  tract  and  renal 
excretion  accounts  for  very  little  of  the  daily  d<»se.  It  may  be  concluded  from  these 
facts  and  the  fact  that  its  plasma  concentration  l)ecome8  stabilized  after  several  days  of 
drug  administration  at  constant  dosage,  that  it  is  disix>se<l  of  by  the  body  mainly  by 
processes  which  result  in  its  degradation.  It  follows,  then,  that  the  major  factors  which 
will  relate  drug  administration  and  plasma  drug  concentration  are  those  which  condi¬ 
tion  the  processes  of  distribution  and  degradation  in  the  body. 

*  *  •  It  was  found  that  the  conc-entration  of  the  drug  in  plasma,  erythrocytes,  and 
leukocytes  is  in  the  order  of  1,  to  1,  to  100-200. 

♦  *  •  Studies  *  •  *  in  experimental  animals  indicated  that  the  drug  may  achieve 
'•oncentratlons  in  the  liver  and  spleen  as  high  as  10,000-20,000  times  those  currently 
observed  in  the  plasma.  Localization  in  other  tissues  was  found  to  be  less  extensive, 
but  highly  significant.  An  extension  of  these  distribution  studies  to  the  human  [subject] 
*  *  *  demonstrated  that  a  ma.1or  portion  of  the  administered  Atabrine  is  localized  in  the 
tissues  of  the  body,  leaving  little  in  the  plasma  to  exert  a  chemotherapeutic  effect.  It 
is  in  consequence  of  this  that  unless  large  initial  doses  of  the  drug  are  given  the  ini¬ 
tial  plasma  drug  concentrations  are  invariably  low.  However,  the  extensive  localization, 
together  with  the  low  rates  of  degradation  and  renal  excretion,  lead  to  a  low  rate  of 
decline  of  the  pla.sma  Atabrine  conc-entration,  and  consequently  a  low  rate  of  loss  of  the 
protection  conferred  by  Atabrine,  subsequent  to  the  termination  of  drug  administration. 

It  was  a[)parent  that  a  rational  regimen  of  quinacrine  therapy  would 
have  to  Ite  designed  along  the  commonly  accepted  principles  of  chemotherapy ; 
namely,  the  administration  of  sufficient  drug  when  the  diagnosis  of  malaria 
is  made,  or  when  exposure  to  malaria  is  anticipated,  to  obtain  the  desired 
plasma  concentration,  followed  by  the  serial  administration  of  small  doses 
to  maintain  it. 

The  next  step  was  to  determine  the  plasma  levels  of  quinacrine  that 
would  be  effective  in  the  prompt  control  of  symptoms,  fever,  and  parasitemia 
associated  with  acute  attacks  of  vivax  and  falciparum  infections.  Infections 
with  various  strains  of  P.  vivax  and  P.  falciparum,  transmitted  by  mosquitoes 
or  introduced  by  blood,  were  established  in  volunteers  and  paretics,  and  dif¬ 
ferent  amounts  of  quinacrine  in  different  treatment  schedules  were  used  to 
produce  various  plasma  concentrations.  It  was  found  that  if  quinacrine  con¬ 
centrations  of  30  /ig.  per  liter  or  more  were  maintained  for  4  days  in  vivax 
infections  there  was  complete  termination  of  clinical  activity  and  parasitemia. 
lA^vels  l)etw’een  10  and  30  /tg.  per  liter  produced  temporary  or  partial  effects, 

(1)  Brodie,  B.  B.,  and  Udenfrlend,  S. :  The  Estimation  of  Atabrine  in  Biological  Fluids  and 
Tissues.  J.  Biol.  Chem.  151  :  299-317,  November  1943.  (2)  Mackie,  Thomas  T.,  Hunter,  George 

W.,  Ill,  and  Worth,  C.  Brooke:  Manual  of  Tropical  Medicine.  Philadelphia:  W.  B.  Saunders  Co., 
1945,  pp.  675-677.  (3)  Shannon,  J.  A.,  Earle,  D.  P.,  .Tr.,  Brodie,  B.  B.,  Taggart,  J.  V.,  and  Berliner, 

K.  W. :  The  Pharmacological  Basis  for  the  Rational  Use  of  Atabrine  in  the  Treatment  of  Malaria. 
.1.  Pharmacol.  &  Exper.  Therap.  81 :  307-330,  August  1944. 
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and  levels  below  10  /ig.  jjer  liter  protlueed  little  or  no  effect  when  nuiintained 
for  4  days.  Infe<*tions  with  /*.  falripatum  minimi  approximately  50  /ng.  per 
liter  maintained  for  0  days  for  termination  of  clinical  activity  and  para¬ 
sitemia. 

With  the  treatment  schedule  for  <iuinacrine  commonly  used  before  1943 
(0.1  gm.  three  times  daily  for  5  days),  very  low  concentrations  in  the  plasma 
were  achieved  during  the  fii-st  2  or  3  <lays  of  therapy  because  of  the  extensive 
localization  of  the  drug  in  tissues.  If  such  dosage  is  continue<l  for  a  jjeriod 
of  days,  the  plasma  levels  will  rise  progressively,  as  moi-e  and  more  drug 
accumulates  in  the  tissues,  until  ultimately  they  I’each  .sufficient  height  to 
terminate  the  attack.  The  delay  in  the  initial  effe<'t  of  (piinacrine  in  such 
a  dosage  .schedule  had  led  to  the  belief  that  quinacrine  therapy  should  be 
pi'eceded  by  a  2-  to  3-day  course  of  <|uinine.  Actually,  such  a  coui’se  is  unde¬ 
sirable  because  24  hours  or  less  after  the  last  dose  the  plasma  level  of  quinine 
is  no  longer  effective.  If  parasitemia  is  still  present,  as  it  often  is  in  cases 
so  treated,  there  will  be  a  reactivation  of  the  disease  during  the  next  few  days 
(of  treatment  with  0.1  gm.  quinacrine  three  times  a  day)  until  the  plasma 
quinacrine  level  in  this  schedule  becomes  effective. 

If.  on  the  other  hand,  total  doses  of  0.8  to  1.0  gm.  of  quinacrine  are  given 
orally  during  the  first  24  hours  of  therapy,  or  by  a  combination  of  parenteral 
and  oral  routes,  high  effective  plasma  concentrations  are  quickly  established 
and  easily  maintained  by  the  serial  administration  of  0.1  gm.  three  times  daily 
for  6  days.  These  considerations  led  to  the  adoption  by  the  U.S.  Army  of  a 
standard  course  of  quinacrine  therapy  consisting  of  2.8  gm.  during  7  (lays 
(1.0  gm.  the  firet  24  hours  and  0.3  g.m.  daily  for  (5  more  days) 

Clinical  Use 

In  acute  attacks. — Clinical  experience  in  this  country  and  overseas  proved 
conclusively  the  efficiency  of  such  a  regimen  in  terminating  acute  attacks  of 
malaria  due  to  P.  rirojc  and  P.  falciparum.  It  was  found  that  2.8  gm.  of 
quinacrine  administered  as  recommended  in  Circular  Letter  Xo.  153,  Office 
of  the  Surgeon  General,  19  August  1943,  brought  about  cessation  of  fever 
within  24  hours  in  approximately  90  percent  of  cases  of  vhax  malaria  and 
in  the  remainder  within  48  to  72  hours;  approximately  80  percent  of  patients 
had  negative  smears  within  48  hours  and  almost  100  percent  at  96  hours. 
Relapses  after  treatment  with  quinacrine  occurred  in  an  average  of  53  days, 
in  contrast  to  24  days  and  the  many  short-term  relapses  following  treatment 
with  quinine.  In  the  treatment  of  acute  attacks,  there  were  no  toxic  mani¬ 
festations  similar  to  those  induced  by  prolonged  intensive  treatment  with 
quinine. 


=■*  Circular  Letter  No.  Office  of  the  Surgeon  General.  t'.S.  Arm.v,  19  Aur.  194.^,  subject : 
The  Drug  Treatment  of  Malaria,  Suppressive  and  Clinical. 

25  See  footnote  l.’>,  p.  532. 
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In  291  patients,  plasma  levels  wei-e  determined  during;  and  after  412 
attacks  of  I'icitje  malaria  acquired  in  the  South  Pacific.-®  The  average  daily 
levels  from  the  second  to  the  eighth  days  of  ti-eatment  with  quinacrine  were 
41  to  52  ng.  per  liter.  Tli*i  average  increase  in  level  2  to  4  hours  after  a  dose 
of  0.1  gm.  on  the  second  to  seventh  day  was  6.8  to  11.3  fig.  per  liter  above  the 
corresponding  fasting  level.  The  average  level  4  weeks  after  completion  of 
2.8  gin.  of  quinacrine  therapy  was  8  fig.  jier  liter.  It  was  found  that  this 
regimen  produced  plasma  levels  of  45  fig.  per  liter  within  24  hours  after  treat¬ 
ment  was  begun  and  that  all  symptoms  and  parasitemia  were  abolished  within 
72  hours  in  almost  100  percent  of  the  patients.  No  correlation  was  observ^ed 
between  plasma  levels  and  the  occurrence  or  spacing  of  relapses. 

The  question  arose  whether  plasma  levels  would  be  affected  by  such  fac- 
toi’s  as  jungle  climate,  fatigue,  combat,  and  diarrhea.  It  was  shown  overseas 
that  diarrhea  or  dysentery  did  not  influence  the  pattern  of  the  quinacrine 
plasma  levels  during  therapy.  In  this  country  under  simulated  jungle  condi¬ 
tions,  and  also  overseas,  it  was  shown  that  high  temperatures,  humidity,  and 
fatigue  did  not  adversely  affect  the  absorption  or  stabilization  of  quinacrine 
in  the  plasma. 

Quinacrine  was  found  to  be  effective  also  in  the  treatment  of  delayed 
primary  v/vcue  malaria  appearing  after  discontinuance  of  quinacrine  suppres- 
sion.2^  The  continued  use  of  this  drug  does  not  produce  strains  of  parasites 
that  are  resistant  to  its  action.  It  was  noted  that  fever  and  sometimes  para¬ 
sitemia  were  not  so  promptly  controlled  in  primary  attacks  as  in  relapses, 
although  quinacrine  was  superior  to  quinine  in  both  types  of  attack,  and  the 
rate  of  disappearance  of  parasites  from  the  blood  in  a  relapse  was  dependent 
on  the  degree  of  initial  parasitemia  rather  than  on  the  plasma  level  of  quina¬ 
crine.  This  observation  has  no  practical  importance,  however,  since  most 
patients  are  free  of  fever  and  symptoms  before  parasites  have  disappeared 
completely  from  the  blood,  and  regardless  of  initial  parasite  density  almost 
all  patients  have  negative  smears  within  96  hours  after  the  initiation  of  an 
adequate  schedule  of  quinacrine  therapy. 

Attempts  to  enhance  the  response  to  treatment  by  increasing  the  initial 
or  the  total  dose  Avere  made  in  several  oversea  installations.  However,  2.8  gm. 
in  3  days,  or  3.5  to  4.8  gm.  in  a  Aveek,  proved  no  more  effective  in  controlling 
the  acute  attack  or  affecting  subsequent  relapse  rates  than  the  standard  sched¬ 
ule  of  2.8  gm.  in  7  days.  In  the  control  of  relapses,  short  courses  of  treatment 
(1.2  gm.  in  16  hours  or  1.4  gm.  in  12  to  16  hours)  were  effective  in  terminating 
acute  attacks  but,  if  not  folloAved  immediately  by  suppressive  doses,  might  be 
succeeded  by  early  relapse  or  in  a  malarious  area  by  neAv  infection  because 
of  the  rapid  fall  of  concentration  in  the  plasma  beloAv  protective  levels.  One- 

26  Ellerbrook,  L.  D.,  Lipplncott,  S.  AV.,  Cateno.  C.  F.,  Gordon,  H.  H.,  and  Marble,  A. ;  IMnsmn 
Quinacrine  Concentration  in  Treatment  of  Plasmodium  Vivas  Malaria  Acquired  in  the  South  Pacific. 
Arch.  Int.  Med.  76:  352-357.  November-Decerober  1943. 

27  London,  I.  M.,  Kane,  C.  A.,  Schroeder,  E.  F.,  and  Most,  H.  :  The  Delayed  Primary  Attack 
of  Vivas  Maiaria.  New  Enpland  ,7.  Med.  235 :  406-410,  19  Sept.  1946. 
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day  treatment  com-ses  or  less  liave  only  a  slij^ht  advantajje  in  insuring  the 
administration  of  adecjuate  amounts  of  drug  in  a  short  time,  and  little  is 
gaine<l  in  reduction  of  nursing  care  since  patients  with  acute  malaria  are 
usually  sick  for  several  days.  Moreover,  unrecognized  or  severe  falci panim 
infect iojis  may  not  be  controlled  with  this  amount  of  medication.  A  false 
sense  of  security  may  cause  carelessness  in  observation  of  patients. 

A  short  course  totaling  2.2  gn».  in  3  days  (1.0  gm.  on  the  Hret  day,  then 
0.6  gm.  daily  for  2  days)  was  found,  in  this  country,  as  effective  as  2.8  gm. 
in  7  days  in  terminating  acute  attacks  of  vira^  malaria,  with  a  similar 
spacing  of  the  intervals  to  relapse.  Many  patients  were  symptom  free  in 
3  days,  and  in  some  cases  the  periotl  of  hosjiitalization  could  be  reduced. 
Relapse  of  previously  treated  parnm  infections,  rarely  seen  in  this  coun¬ 
try,  would  not  con.stitute  a  hazard  in  3-day  treatment  of  rh'tix  relapses  here. 
Total  doses  in  excess  of  2.8  gm.  or  in  periods  of  less  than  7  days  are  not 
advocated  except  possibly  in  fulminating  falci parum  infections,  since  nothing 
is  gained  by  excessive  dosage  and  there  is  more  risk  of  toxic  reactions. 

In  falciparum  infections. — The  clinical  studies  distnissed  thus  far  have 
been  concerned  principally  with  vivnx  infections.  It  has  been  ))r)ted  that 
experimentally  induced  falciparum  infections  were  effectively  controlled  with 
quinacrine  plasma  levels  in  the  range  of  40  to  50  /ig.  per  liter.  Plasma  levels 
in  that  order  are  (piite  uniformly  attained  by  initial  doses  of  1.0  gm.  of  quina¬ 
crine  administered  during  the  first  day  of  treatinent  by  the  oral  or  combined 
oral  and  parenteral  routes.  It  was  to  be  expected,  then,  that  standard  <iuina- 
crine  treatment  would  prove  effective  in  the  control  of  the  majority  of  infec¬ 
tions  with  P.  falciparum. 

In  a  report  from  India  **  summarizing  the  treatment  of  over  5.000  ca.ses  of  malaria 
of  which  more  than  two-thirds  were  due  to  P.  falciparum,  it  was  stateil  that  quinacrine 
was  as  effective  as  quinine  in  terminating  tlieni.  This  is  of  particular  significance  since 
early  in  that  theater’s  experience  the  dosage  of  quinacrine  was  0.1  gni.  three  time.s  a  day 
for  5  to  7  days.  Undoubte<lly,  higher  doses  on  the  first  day  would  have  produced  even 
more  satisfactory  results.  In  fact,  50  patients  so  treated  responded  promptly  and  were 
afebrile  by  the  third  day. 

By  contrast,  patients  treated  with  quinine  for  the  first  2  days  had  a  reactivation  of 
fever  on  the  third  day  when  quinine  was  discontinued.  It  was  stated  that  in  this  study 
the  patients  treated  with  quinacrine  remained  febrile  a  little  longer  than  those  treated 
Initially  with  quinine,  but  the  former  had  considerably  less  nausea  and  vomiting  and  no 
tinnitus  or  deafness.  Treatment  with  quinine  was  associated  with  the  development  of 
blackwater  fever  in  two  patients.  One  patient  developed  a  fatal  diffuse  bullous  erythema 
after  1.95  gm.  of  quinine  and  another  developed  an  extensive  dermatitis  after  15  gm. 

Extensive  experience  in  West  Africa  and  in  various  Pacific  islands  where  the  ma¬ 
jority  of  initial  attacks  of  malaria  were  due  to  P.  falciparum  demonstrated  the  efficiency 
of  standard  quinacrine  therapy  in  terminating  uncomplicated  attacks.  In  general,  its 
value  in  the  more  severe  forms  of  malaria  is  attested  by  the  remarkably  low  death  rate 
from  this  disease  during  the  war  in  conjunction  with  the  widespread  use  of  quinacrine. 
Fulminating  cerebral  malaria  was  fortunately  not  common  in  most  theaters. 


Ware,  R.  E.,  Brem,  T.  R.,  and  Crane,  N.  F. :  Experiences  With  Malaria  in  India.  [Official 
record.] 
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In  India,  of  over  G.iXiO  oases  of  uialuriu  in  native  or  foreign  troops  tliere  were  140 
cases  of  the  cerebral  form,  or  an  inoideiu-e  of  about  2  i>eroent  of  faU-ipurum  infections.* 
The  death  rate  in  American  troops  with  cerebral  malaria  was  .")  perc'ent  and  in  Chinese 
and  other  personnel,  33  percent.  Quinacrine  alone  was  said  to  have  curetl  several  cases. 
In  another  rei)ort,*®  it  was  stated  that  1  death  occurred  in  8  iiatients  with  cerebral 
malaria  treated  with  quinacrine  intramuscularly,  and  31  deaths  occurreil  in  61  patients 
treated  w’ith  quinine  parenterally.  In  the  latter  group,  eight  p^itients  had  convulsions 
and  died  shortly  after  intravenous  injection  of  quinine.  Of  five  additional  iwdients 
treated  with  a  single  infusion  of  quinacrine  (0.8  to  1.0  gm. )  for  c‘erel)ral  malaria,  one 
died;  this  patient  had  also  receive<l  more  than  1.0  gm.  of  quinine  intravenouslj'.**  In 
the  four  patients  who  recovered,  parasitemia  was  controlleil  within  48  hours.  The  serum 
quinacrine  levels  24  hours  after  the  infusion  was  given  varietl  from  100  to  320  per 
liter.  The  mortality  for  cerebral  malaria  in  a  series  of  146  patients  in  the  Southwest 
Pacific  treated  with  quinine  parenterally  was  37  percent  and  was  21  percent  for  19 
patients  treated  with  quinacrine. 

Parenteral  quinacrine  treatment  thus  gave  definite  evidence  of  effective¬ 
ness  in  some  cases  of  cerebral  malaria.  No  comparative  studies  in  sufficient 
numbers  were  reported  on  which  to  base  definite  conclusions  with  regard  to 
the  relative  efficiency  of  quinacrine  and  quinine  in  severe  cases  with  cerebral 
involvement.  The  surgeon  in  the  India-Biirma  theater  stated: 

My  conclusions  as  to  the  relative  merits  of  parenteral  quinine  and  Atabrine  (in 
cerebral  malaria)  are  that  I  am  not  certain  that  either  pos.'sesses  a  distinct  advantage 
over  the  other.  Atabrine  may  have  a  slight  advantage  in  that  (1)  it  is  probably  less 
toxic,  (2)  its  effect  persists  longer,  and  (3)  it  can  be  given  intramuscularly.  .\11  data 
we  possess  indicate  that  when  given  in  adequate  amounts,  it  is  at  least  as  effective  as 
quinine,  and  may  be  mure  effective.  Moreover,  if  a  rapid  and  prolonge*!  effect  is  desired 
0.8  gm.  in  a  slow'  intravenous  drip  (over  4  hours)  clears  the  blood  of  parasites  as  rap¬ 
idly  as  any  other  method  and  a  parasiticidal  concentration  remains  in  the  blood  for  at 
least  5  days.^2 

Intramuscular  injections  of  quinacrine  were  found  useful  in  vivax  and 
falciparum  infections  with  severe  vomiting  as  a  means  of  attaining  high 
plasma  levels  promptly.  For  example,  single  doses  of  0.4  gm.  given  intra¬ 
muscularly  result  in  levels  of  168,  327,  297,  155,  89,  60,  45,  37,  and  20  /xg.  per 
liter  at  5,  15,  30,  60  minutes  and  2,  3,  5,  8,  and  24  hours,  respectively,  after 
injection.  Serial  injections  of  0.2  gm.  at  intervals  of  4  to  8  hours  for  24  hours 
or  more  can  be  expected  to  maintain  high  effective  levels  until  oral  medica¬ 
tion  can  be  instituted. 

Following  a  single  intramuscular  dose  of  0.2  gm.  of  quinacrine,  it  was 
shown  that  the  number  of  motile  parasites  with  finely  dispersed  pigment 
v  as  reduced  and  the  number  of  nonmotile  parasites  with  clumped  pigment 
was  increased.  Three  hours  after  the  injection  when  the  plasma  level  of 

29  Fitz-Hugh,  T.,  Jr.,  Pepper,  D.  S.,  and  Hopkins.  H.  U. :  The  Cerebral  Form  of  Malaria.  Bull. 
U.S.  Army  M.  Dept.  No.  S.'l,  pp.  39-48,  December  1944. 

30  See  footnote  17,  p.  535. 

31  Blurogart,  Herrman  L.,  and  Pike,  George  M. :  History  of  Internal  Medicine  in  India-Burma 
Theater.  [Official  record.] 

32  See  footnote  17,  p.  535. 

33  Trager,  W.,  Bang,  F.  B.,  and  Hairston,  N.  G, ;  Relation  of  Plasma  Level  of  Atabrine  to  Mor¬ 
phology  and  Motility  of  Plasmodium  Vivax.  Proc.  Soc.  Exper.  Biol.  &  Med.  60 :  257-258,  November 
1945. 
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quinacrine  was  falling  rapidly  the  ratio  of  motile  to  iioninotile  parasites 
returned  to  normal,  and  since  the  total  parasite  count  did  not  change  it  was 
suggested  the  parasites  had  recovered  after  temi)orary  damage.  Similar 
changes  during  the  first  3  horn's  after  quinine  at  levels  of  ti  to  10  mg.  per 
liter  were  noted.  These  observations  emphasize  the  necessity  for  the  contin¬ 
ued  serial  administration  of  aiitimalarial  agents  in  sufficient  amounts  and  at 
properly  spaced  intervals  so  that  adetjuate  levels  would  be  maintained  suffi¬ 
ciently  long  to  terminate  clinical  activity  and  parasitemia. 

The  value  of  single  intravenous  infusions  of  (juinacrine  in  falciparum 
infections  was  studied  at  the  20th  General  Hospital. 

Doses  of  0.4  gm.,  0.6  gm.,  and  0.8  gm.  in  1,000  cc.  of  fluid  were  given  intravenously 
to  groups  of  10  patients  on  each  dosage  schedule,  and  1.0  gm.  in  a  single  infusion  was 
given  to  each  of  20  patients.  The  acute  attack  was  terminated  in  all  but  one  patient 
(given  0.4  gm.)  without  further  treatment.  The  duration  of  fever  in  the  various  groups 
was  8  to  64  hours  (average  27.2  hours)  and  smears  became  negative  in  from  1  to  3  days 
(average  2.2  days).  Of  the  30  patients  treated  with  0.8  or  1.0  gm.,  19  were  observed 
for  a  month  or  more  after  treatment  and  4  relapsed  within  3  to  5  weeks.  Of  the  20 
patients  wdio  received  0.4  or  0.6  gm.,  9  were  followed  for  a  month  or  more  and  8  of  the  9 
relapsed  within  10  to  23  days  after  termination  of  the  attack  by  intravenous  quinacrine. 
Three  patients  had  brief  i)eriods  of  vomiting  shortly  after  the  infusion ;  one  patient 
had  a  generalized  convulsion:  a  fifth  patient  develoi^ed  an  acute  state  of  exhilaration 
and  excitement  lasting  3  hours.  Two  iwtients  with  imnlerately  severe  cerebral  malaria 
treated  with  1.0  gm.  of  quinacrine  intravenously  respondetl  well,  being  out  of  stupor  in 
18  hours.  Twenty  control  patients  treated  for  acute  attacks  of  falciparum  malaria  with 
quinacrine  by  mouth  all  respondetl  well  although  parasitemia  and  fever  persisted  in 
them  a  little  longer  than  in  the  groups  treated  intravenously.  In  a  comimrison  of  the 
relative  efficiency  of  single  intravenous  doses  of  quinine  and  quinacrine,  it  was  reported 
that  of  10  patients  treated  for  acute  falciparum  malaria  with  1.2  gm.  of  quinine  in  an 
Infusion  of  1,000  cc.,  the  attack  was  terminated  in  only  5.  The  remainder  continued 
to  have  high  fever  for  60  to  132  hours  after  treatment  and  required  additional  therapy. 
Three  relapses  occurred  in  the  succ-essfully  treated  group  6,  9,  and  13  days,  respectively, 
after  infusion.  Three  patients  who  received  single  doses  of  2.0  gm.  of  quinine  in  an 
infusion  developed  signs  and  symptoms  of  shock.  It  should  be  pointed  out  that  these 
doses  of  quinine  (1.2  and  2.0  gm.)  are  in  the  toxic  range  for  this  drug  and  are  rarely 
if  ever  resorted  to  therapeutically.  Further,  a  comparison  of  single  doses  of  quinine 
and  quinacrine  does  not  take  into  account  the  rapid  excretion  of  quinine.  A  more 
practical  estimation  would  have  been  the  serial  administration  of  nontoxic  amounts  of 
quinine  intravenou.sly. 

From  these  observations,  it  is  apparent  that  although  quinacrine  given 
intravenously  effectively  terminates  attacks  of  falciparum  malaria  such  a 
procedure  is  not  without  danger  and  has  little  advantage  over  oral  treatment 
in  most  cases.  In  cerebral  malaria,  comparably  high  effective  plasma  levels 
may  be  reached  as  quickly  by  serial  intramuscular  injections  without  the 
dangers  inherent  in  intravenous  therapy.  Relapses,  which  occurred  at  short 
intervals  after  single  doses  of  0.8  or  1.0  gm.  of  quinacrine  injected  intrave¬ 
nously,  are  very  common  in  falciparum  infections  after  2.8  gm.  given  in  7 
days  by  mouth.  Finally,  the  prompt  response  from  intravenous  quinacrine 
reported  in  Chinese  patients  with  a  high  degree  of  immunity  may  not  be 
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duplicated  in  uoiiimnuine  wliite  American  troops.  The  question  of  parenteral 
quinacrine  versus  quinine  therapy  remained  unsettled. 

In  suppression. — The  dosage  of  quinacrine  for  suppressive  purposes  rec- 
ommende<l  l)efore  World  War  II  was  based  on  evidence  derived  from  malaria 
rates  in  various  parts  of  the  world,  populated,  for  the  most  part,  by  immune 
natives.  Daily  doses  of  0.05  gm.  of  quinacrine  were  considered  inferior  to  a 
daily  dose  of  quinine,  but  0.4  gm.  of  quinacrine  weekly  in  two  divided  doses 
was  considered  more  effective  than  daily  doses  of  quinine  in  suppressing  clin¬ 
ical  malaria.®^  Although  numerous  reports  indicated  varying  success  in  the 
suppression  of  malaria  with  this  divided  dose  of  quinacrine,  it  was  not  known 
when  we  entered  the  war  how  effective  such  a  schedule  would  be  in  nonim- 
mune  troops  in  highly  malarious  zones  and  under  combat  conditions. 

Studies  of  the  course  of  plasma  levels  resulting  from  0.4  gm.  and  0.6  gm. 
of  quinacrine  weekly  as  well  as  from  larger  amounts  were  conducted  in  Eng¬ 
land  on  volunteers,  and  in  the  United  States  on  medical  students®®  and  at  a 
militaiy  installation.  Of  230  white  soldiers  observed  in  active  training  at 
Fort  Knox,  Ky.,  100  men  received  0.4  gm.  of  quinacrine  weekly  and  another 
100  received  0.6  gm.  weekly.  Thirty  volunteers  subjected  to  conditions  simu¬ 
lating  jungle  climate  were  given  1.2  gm.  during  the  first  week  and  0.6  gm. 
weekly  for  the  next  11  weeks.  It  was  shown  that,  with  constant  regimens, 
the  plasma  concentrations  differed  widely  in  individuals  but  that  the  group 
plasma  level  at  any  time  was  a  function  of  the  daily  dose,  the  preexisting 
level,  and  the  interval  since  the  last  dose.  The  group  mean  level  rose  progres¬ 
sively  for  4  to  8  weeks  to  reach  an  equilibrium,  which  then  remained  substan¬ 
tially  constant.  The  equilibrium  level  for  the  group  given  0.4  gm.  weekly 
was  1.2  (ig.  per  liter,  and  was  17  for  the  group  on  0.6  gm.  weekly.  It  was 
shown  that  a  hot,  humid  environment  did  not  influence  the  group  equilibrium 
level  and  that  suppressive  therapy  under  such  environmental  conditions  did 
not  affect  the  rate  of  acclimatization  and  performance  of  the  men.  The  time 
for  reaching  equilibrium  levels  could  be  reduced  from  5  to  6  weeks  to  1  week 
by  administering  high  initial  doses  for  a  short  period  (0.2  gm.  daily  for  5  to 
6  successive  days).  Similar  results  and  conclusions  were  reported  from  stud¬ 
ies  in  England  and  civilian  installations  in  the  United  States. 

It  was  obvious  that  such  plasma  levels  would  give  little  or  no  protection 
during  the  first  4  to  6  weeks,  or  until  maximum  equilibrium  was  attained 
with  these  doses.  Furthermore,  marked  variations  in  individual  levels  meant 
that  the  smaller  weekly  dosage  (0.4  mg.)  would  frequently  fail  to  protect 
significant  numbers  of  men,  especially  if  occasional  doses  were  omitted.  It 
was  clearly  necessary  to  give  a  large  initial  or  priming  dose  before  or  when 
troops  entered  malarious  zones  in  order  to  give  immediate  protection  and 

34  The  Treatment  of  Malaria  :  Study  of  Synthetic  Drugs,  as  Compared  With  Quinine,  in  the 
Therapeutics  and  Prophylaxis  of  Malaria.  Fourth  General  Report  of  the  Malaria  Commission, 
League  of  Nations,  Bull.  Health  Organ.  6 :  895,  December  1937. 

35  Minutes.  Subcommittee  on  the  Coordination  of  Malarial  Studies,  3  June  1943,  National  Re¬ 
search  Council.  Bulletin  on  Malaria  Research,  pp.  99-105. 
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prevent  clinical  “breakthroughs."  These  tlata  were  collected  during  the  early 
months  of  1943.  Shortly  thereafter,  these  conclusions  were  translated  in 
terms  of  the  spccitic  recommendations  for  suppression  of  malaria  contained 
in  Circular  Letter  No.  153  (p.  540). 

Ill  the  meantime,  numerous  reports  from  ovei-seas  had  been  received 
which  documented  the  development  of  the  clinical  disease  in  large  numbers 
of  troops  shortly  after  their  arrival  in  malarious  areas  and  clearly  demon¬ 
strated  the  value  of  priming  doses  and  the  superiority  of  from  0.6  to  0.7  gm. 
quinacrine  weekly  over  0.4  gm.  for  suiipression.  Valuable  information  was 
obtained  on  “breakthroughs"  during  suppression  wdth  0.4  and  0.6  gm.  weekly 
and  the  relation  of  such  failures  to  plasma  levels  and  quinacrine  discipline. 
Brief  reference  to  a  few  field  experiences  to  elucidate  some  of  the  factors 
associated  wdu  poor  and  successful  suppression  follows. 

The  Amerioal  Division,  which  was  on  New  Caledonia  from  March  to  Octol)er  1942, 
was  moved  to  Guadalcanal  during  October,  November,  and  December,  where  it  remained 
until  March  194,3.^®  The  men  were  forced  to  live  and  fight  in  h.vpermalarious  areas 
with  little  to  no  field  control  and  no  mosquito  repellent.  Quinacrine,  0.4  gm.  weekly, 
was  prescribed  but  the  extent  of  its  use  was  not  known.  The  malaria  rates  on  Guadal¬ 
canal  were  as  high  as  2,500  per  1,000  per  annum.  The  ratio  of  falcipat'um  to  vit^ai) 
infections  was  3  to  1.  Following  removal  of  these  troops  to  the  Fiji  Islands  and  mass 
treatment  ending  on  10  .Tune  1943,  the  rates  in  August  and  October  were  still  4,220  and 
2,948  per  1,000  per  annum,  respectively.  In  September,  013  men  were  placed  on  sup¬ 
pressive  doses  of  quinacrine  of  0.4  to  0.0  gm.  per  week.  The  malaria  rate  in  this  group 
fell  from  219  per  1,000  pe'  month  to  23.  In  November,  the  Division  was  placed  on  0.4 
gm.  weekly  and  this  dosage  was  increased  to  0.0  gm.  on  12  December.  The  malaria 
rate  fell  from  2,948  per  1,000  per  annum  to  80  and  after  2  months’  combat  in  Bougain¬ 
ville  the  rate  in  March  1944  was  only  97.1.  The  experience  in  this  division  showed  that 
early  suppressive  doses  of  0.4  gm.  weekly  were  inadequate  to  control  malaria  in  combat 
although  a  moderate  degree  of  satisfactory  suppression  was  obtained  in  a  nonmalarious 
area  under  fairly  good  disciplinary  conditions.  On  the  other  hand,  0.6  gm.  of  quina¬ 
crine  proved  highly  eticctive  both  in  malarious  areas  and  in  regions  free  from  malaria 
(chart  20).  Another  example  was  the  43d  Division,  which  had  also  been  on  0.4  gm. 
weekly  witli  a  high  incidence  of  malaria.  Half  the  division  was  taken  off  suppression 
and  had  a  malaria  rate  of  2,000  per  1,000  per  annum.  The  other  h-.;lf  was  placed  on 

O. 6  gm.  weekly  and  their  rate  fell  to  236  per  1,000  per  annum.  Again,  a  naval  con¬ 
struction  battalion  of  840  men,  on  a  suppressive  regimen  of  0.4  gm.  weekly,  arrived  on 
Guadalcanal  on  12  December  1942.3"  During  the  first  5  weeks,  123  men  were  down  with 
malaria,  about  95  percent  of  which  was  due  to  P.  falciparum.  In  the  same  report  it 
was  stated  that  two  combat  infantry  outfits  on  0.4  gm.  weekly  entered  a  highly  malari¬ 
ous  area  and  within  2  weeks  malaria  was  occurring  at  the  rate  of  40  to  60  cases  a  day, 
most  of  them  caused  by  P.  falciparum. 

Although  the  great  majority  of  initial  infections  in  the  Pacific  islands 
w'ere  caused  by  P.  falcipanim,  subsequent  relapses  were  principally  caused  by 

P.  vivax.  Wheti  adequate  amounts  of  quinacrine  were  used  in  termination 
of  the  a(  lack  of  falciparum  malaria  and  when  suppressive  medication  of  0,1 


36  Essential  Tcohnical  Medical  Data,  South  Pacific  Area,  for  .Vjiril  1944. 
Lewis,  R.  .\.  :  The  Suppression  of  Malaria.  [Official  record.] 
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Chakt  29. — Malaria  rates  in  an  infantry  regiment  under  various  schedules  of  suppres¬ 
sion  with  quinacrine  hydrochloride,  hy  week 

(RiUp  ex|iress»Ml  us  niimbor  of  uttacks  |>«*r  uiiiitini  imt  1.(KK)  averagp  strength] 

RATE 


^11.  daily  was  continued,  falcrpanim  malaria  rarely  occurred  on  discontinu¬ 
ance  of  suppression. 

In  the  Australian  studies  that  have  been  referred  to,®®  it  was  conclusively  shown 
in  volunteers  infected  with  P.  falciparum  (New  Guinea  strain)  transmitted  by  mos¬ 
quitoes  that,  if  0.1  gm.  of  quinacrine  were  administered  during  the  i)eriod  of  infection 
and  for  23  days  after  the  last  infective  bite,  clinical  malaria  did  not  occur  during  sup¬ 
pression  or  after  its  termination.  Actual  cure  was  demonstrated  by  subinoculation  of 
200  cc.  of  blood  into  other  volunteers.  If  subinoculation  was  done  on  the  9th  to  11th 
days  after  infection,  malaria  developed  in  the  recipients,  indicating  that  quinacrine  was 
not  a  causal  prophylactic  but  effected  a  cure  by  permanently  destroying  the  erythrocy¬ 
tic  parasites  after  their  appearance  in  the  blood.  Similar  studies  in  England  and  in 
this  coimtry  with  other  strains  of  P.  falciparum  also  demonstrated  the  curative  action 
of  quinacrine  suppression  in  such  infections.  In  the  Australian  experiments  along  the 
same  lines  with  P.  vivax,  there  w'as  shown  complete  clinical  suppression  during  therapy 
but  no  curative  effect,  for  all  the  volunteers  developed  vivax  malaria  at  varying  inter¬ 
vals  after  quinacrine  was  discontinued. 

The  practical  inferences  from  these  observations  were  that  eflFective 
plasma  equilibrium  having  been  established,  quinacrine  administered  in  doses 


38  See  footnote  12,  p.  520. 
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of  0.1  gill,  ilaily  without  interruption  would  effectively  suppress  both  falci- 
parum  and  vivax  malaria  and  that,  if  supiiression  were  continued  for  about 
3  weeks  in  troops  leaving  the  malarious  area,  falciparum  malaria  would  not 
develop.  Vivax  relapses  would  occur  later  and  could  be  effectively  termi¬ 
nated  with  quinacrine  or  delayed  indefinitely  if  necessary  by  continued  sup¬ 
pression.  These  results  were  seen  in  many  studies  ovei-seas  and  in  this  coun¬ 
try. 

In  one  experiment,  for  example,  107  volunteers  were  taken  to  a  highly  malarious 
area  in  New  Guinea  where  they  were  exposed  to  infection  for  44  days.  Initial  priming 
doses  were  followed  by  0.1  gm.  of  quinacrine  daily  administered  0  days  a  week  during 
the  period  of  exposure  and  for  10  days  thereafter.  No  case  of  malaria  developed  dur¬ 
ing  the  period  of  suppression,  whereas  of  44  men  who  acted  as  controls  and  received  no 
medication,  32  developed  malaria  (in  9  caused  by  P.  falciparum).  Subsequent  to  the 
discontinuance  of  suppressive  therapy  25  cases  of  malaria  due  to  P.  vivax  developed. 
No  case  of  malaria  caused  by  P.  falciparum  developed  in  the  group  receiving  quinacrine 
either  during  or  after  suppre.ssive  treatment.  This  field  study  showed  definitely  the 
value  of  quinacrine  in  absolutely  preventing  clinical  malaria  due  to  P.  vivax  and  P.  fal¬ 
ciparum  during  adequate  suppression  and  the  curative  as  well  as  suppressive  action  of 
quinacrine  in  falciparum  infections. 

In  general,  the  plan  of  suppression  with  doses  of  0.1  gm.  daily  was  widely 
used  with  excellent  results.  In  one  oversea  area,  it  was  suggested  that  troops 
on  patrol  or  in  combat  may  fail  to  take  occasional  doses.  Studies  with  single 
doses  of  0.4  or  0.5  gm.  twice  a  week  carried  out  in  the  field  showed  that  such 
a  schedule  would  provide  adequate  protection  and  insure  affective  levels  all 
the  time.^®  This  modified  plan  was  not  generally  adopted  but  could  be  used 
under  circumstances  precluding  regular  daily  suppressive  medication. 

By  continuing  quinacrine  therapy  for  suppression  following  termination 
of  acute  attacks  of  vivax  infections,  it  w'as  possible  to  maintain  effective  fight¬ 
ing  strength  in  combat  units  highly  seeded  with  malaria.  In  this  country, 
continued  suppression  for  3  months  or  more  reduced  the  number  of  hospital 
admissions  for  relapses  without  interrupting  training  or  rehabilitation  pro¬ 
grams.  At  one  hospital  in  the  United  States,  for  example,  79  men  treated 
with  2.8  gm.  of  quinacrine  in  7  days  for  acute  attacks  of  vivax  malaria  of 
Pacific  origin  were  maintained  on  0.1  gm.  daily  for  150  days  after  termination 
of  the  acute  attack.  No  parasitemia  or  clinical  attack  occurred  during  the 
5  months  of  suppression.  In  a  similar  sized  group,  also  treated  for  acute 
attacks  but  not  subsequently  placed  on  suppressive  therapy,  80  percent  re¬ 
lapsed  during  the  first  120  days’  observation  after  treatment.  The  group 
given  effective  protection  during  5  months  by  continued  therapy  was  not 
thereby  protected  against  subsequent  relapse,  for  82  percent  relapst'd  during 
the  120-day  period  of  observation  after  discontinuance  of  suppression  (chart 
30). 


39  Punoan.  G.  G. :  Qulnacrino  HydrochlorUlo  as  a  Malaria-Suppressive  .\gont  for  Combat  Troops. 
War  Med.  8  :  .‘iO.'i- .318,  November-lJeeember  194.'». 
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Chabt  30. — Distribution  of  relapses  in  two  groups  of  patients  after  treatment  for  acute 

attacks  of  vivax  malaria  of  Pacific  origin 


(IVrowit  of  patientM  with  acute  attacks] 


The  subject  of  “breakthroughs”  or  clinical  attacks  during  suppression 
received  attention  at  many  oversea  installations.  In  India,  six  patients  sup¬ 
posedly  taking  0.1  gm.  of  quinacrine  a  day  were  admitted  to  the  20th  General 
Hospital  and  found  to  have  plasma  levels  of  6,  7,  8,  12,  12,  and  14  iig.  per 
liter,  respectively.  In  every  case,  it  was  possible  to  show  that  the  individual 
was  able  to  absorb  quinacrine  normally,  the  reason  for  the  low  levels  being 
failure  to  take  the  prescribed  dose  daily.  In  the  Southwest  Pacific,  80  per¬ 
cent  of  116  men  who  had  attacks  while  on  suppression  were  found  to  have 
levels  of  less  than  10,  whereas  only  25  percent  of  another  group  of  853  men 
had  similarly  low  levels.  Seventy-five  officers  having  attacks  while  supposedly 
taking  0.1  gm.  quinacrine  daily  were  found  to  have  low  plasma  levels  and 
admitted  not  taking  the  drug  regularly.  On  the  other  hand,  four  men  with 
acute  attacks  were  found  to  have  levels  of  from  16  to  30  ftg.  per  liter  when 
admitted.  It  is  possible  that  self-administered  medication  for  beginning 
symptoms  may  account  for  apparently  adequate  levels  in  some  “break¬ 
throughs.”  In  a  division  in  the  Southwest  Pacific,  the  average  level  for  1,021 
men  on  suppression  for  a  year  or  more  was  13  /ig.  per  liter  and  varied  from 
an  average  of  5  in  men  who  “broke  through”  to  an  average  of  over  20  in 
companies  with  good  discipline.^® 

<0  Schaffer,  A.  J.,  and  Lewis,  R.  A. :  Atabrine  Studies  In  the  Field.  I.  Relation  of  Serum  Ata- 
brine  Level  to  Breakthrough  of  Previously  Contracted  Vivax  Malaria.  Bull.  Johns  Hopkins  Hosp. 
78:  265-281,  May  1946. 


550 


INFECTIOUS  DISEASES 


Toxicity 

Effects  of  prolonged  administration 

Toxic  reactions,  principally  related  to  the  "astrointestinal  tract  and 
nervous  system,  associated  with  the  ingestion  of  quinacrine  or  its  parenteral 
use  had  been  reported  before  World  War  II.  In  an  analysis  of  toxic  reactions 
observed  in  49,681  patients  to  whom  quinacrine  had  been  administered  before 
1941,  it  was  concluded  that  neurogenic  symptoms  (headache,  mental  depres¬ 
sion,  delirium,  psychoses,  convulsions)  occurred  rarely  (less  than  1  per  1.000) 
and  that  gastrointestinal  symptoms  (nausea,  vomiting,  diarrhea)  were  un¬ 
common  and  of  little  significance  and  were  frequently  related  to  the  concomi¬ 
tant  administration  of  other  drugs.  More  serious  reactions  were  poorly  docu¬ 
mented  and  could  not  be  uiiequivocably  related  to  quinacrine. 

Following  our  entry  into  the  war  and  the  extensive  use  of  quinacrine 
over  prolonged  jieriods  for  suppression  and  frequently  for  termination  of 
acute  attacks  with  larger  amounts  of  drug  than  were  previously  used  for 
either  purpose,  great  interest  was  stimulated  in  the  potential  acute  or  chronic 
toxic  effects  of  such  medication.  No  attempt  will  be  made  in  this  section  to 
review  the  voluminous  studies  made  with  various  experimental  animals. 
Brief  reference  will  be  made  to  observations  on  the  effects  of  quinacrine  not 
previously  reported  or  to  findings  that  were  of  significance  during  World 
War  II. 

Liver  and  kidneys. — Studies  of  hippuric  acid  synthesis,  serum  phospha¬ 
tase,  urea  clearance,  and  liver  biopsies  ( 10  cases)  performed  on  101  men  who 
had  been  on  suppression  from  8  to  36  months  revealed  no  abnormalities. 
Similar  negative  findings  resulted  from  detailed  examinations  of  liver  and 
kidney  function  of  43  Oxford  University  undergraduates  who  took  0.1  gm.  of 
quinacrine  daily  over  a  period  of  9  to  12  months. 

Studies  to  discover  subclinical  hepatic  damage  in  white  and  Negro  Amer¬ 
ican  troops  who  had  been  taking  0.6  gm.  quinacrine  weekly  for  18  to  24 
months  were  done  on  various  groups  of  50  men.  The  icteric  index,  urinars" 
urobilinogen,  sulfobromophthalein  excretion,  fibrinogen,  galactose  tolerance, 
and  cephalin-cholesterol  flocculation  tests  failed  to  detect  any  evidence  of 
subclinical  hepatic  dysfunction.^^  On  the  other  hand,  there  were  a  few  re- 
jrnrts  of  varying  degrees  of  liver  disease  believed  related  to  quinacrine  in¬ 
gestion. 

Four  cases  of  hei>atic  dysfunction  (two  sulH‘lini<‘jil  and  two  severe  hepatitis,  one  of 
which  ended  fatally)  l)elieved  related  to  quinai-rine  were  reiiorted  from  an  oversea 
theater.  An  interesting  feature  in  these  ca.ses  was  the  association  of  corneal  edema, 
manifested  by  blurred  vision.  In  three  of  the  patients  corneal  edema  became  less  marked 
after  discontinuance  of  quinacrine  and  was  aggravated  by  its  readministration.  Im¬ 
paired  liver  function  did  not  become  apparent  until  3  to  G  months  after  the  initial  epi- 
sofle  of  visual  disturbam-e.  The  observers  of  these  iMitients  felt  that  corneal  e<lenia  and 


■*' Gottfried.  S.  I’.,  iind  Ix!Vlne.  A.  C. :  I.lver  Kunctlon  Studies  on  Soldiers  I'lider  Prolonged 
Atnbrlne  Admlnlstriitlon.  .1.  Lab.  &  Clin.  Meil.  :tO  :  .s.5;{-sri5.  October  liU't. 
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.punctate  erosions  of  the  surface  epithelium  were  due  to  quinacrine,  tliat  this  was  a  rare 
manifestation  of  quinacrine  toxicity,  and  that  its  occurrence  may  be  followed  by  liver 
disease. 

In  a  large  series  of  Chinese  patients  receiving  quinacrine  for  suppression  or  treat¬ 
ment  of  malaria  there  were  5  with  severe  hepatitis  and  exfoliative  dermatitis,  3  of  whom 
died  of  this  complication  (incidence  1  in  2,(XK>-3,000  Chinese ).'■  The  rash  pre.setit  in 
each  case  appeared  as  early  as  the  2d  day  and  as  late  as  the  10th  day  of  medication 
and  consisted  of  a  scarla tin i form,  maculopapular,  dry,  scaling  eruption  beginning  on  the 
face  and  involving  the  entire  body.  Conjunctivitis  and  exfoliation  of  the  tongue  were 
observed.  Jaundice,  which  api)eared  several  days  after  the  rash,  was  accompanied  by  a 
high  (“septic”)  fever,  leukocytosis,  proteinuria,  and  bilirubinuria.  The  liver  was  large 
and  tender  at  first  but  shrank  rapidly.  Mental  clouding  was  prominent  and  death  fol¬ 
lowed  in  coma  in  the  third  to  fifth  week  of  the  disease.  At  autopsy  there  was  gross 
and  microscopic  evidence  of  severe  hepatitis  or  necrosis  of  the  liver.  It  was  concluded 
that  quinacrine  in  previously  sensitized  individuals  was  responsible  for  both  the  hepa¬ 
titis  and  the  severe  dermatitis. 

Aplastic  anemia. — A  small  number  of  cases  of  aplastic  anemia  with  and 
without  atypical  lichen  planus  had  been  reported  from  the  Pacific  area, 
and  this  was  thought  to  be  possibly  ascribable  to  quinacrine.  In  an  attempt 
to  determine  whether  prolonged  use  of  quinacrine  was  responsible  for  the 
production  of  pathological  changes  in  the  body,  the  Army  Institute  of  Pathol¬ 
ogy  (now  the  Armed  Forces  Institute  of  Pathology),  Washington,  D.C.,  in¬ 
structed  laboratory  officers  to  furnish  data  of  quinacrine  ingestion  with  all 
autopsy  protocols,  regardless  of  the  cause  of  death.  For  some  time,  nothing 
of  significance  was  observed.  Later,  it  became  appai'ent  that  aplastic  anemia 
was  the  cause  of  death  in  a  disproportionately  large  number  of  cases  repre¬ 
sented  by  autopsy  material  sent  from  the  South  and  Southwest  Pacific  Areas 
where  an  extensive  regimen  of  quinacrine  suppression  was  in  force.  Fifty- 
seven  cases  of  aplastic  anemia  were  the  basis  of  a  report^®  on  the  possible 
relation  of  this  disease  and  quinacrine.  The  incidence  of  aplastic  anemia  per 
100,000  men  varied  little  (0.1  to  0,3)  from  1942  to  1945  in  the  continental 
United  States  and  all  foreign  theaters,  exclusive  of  the  South  and  Southwest 
Pacific  Areas  and  the  China-Burma-India  theater,  where  it  rose  from  zero  in 
1942  to  a  peak  of  2.84  per  100,000  during  the  last  6  months  of  1944.  Quina¬ 
crine  was  the  common  drug  in  at  least  47  cases,  9  others  being  excluded  be¬ 
cause  of  the  possible  role  of  arsenic,  irradiation,  or  sulfonamides  in  the  pro¬ 
duction  of  the  aplastic  state.  In  the  group  treated  principally  with  quina¬ 
crine,  the  drug  had  been  taken  for  a  period  of  from  1  to  34  months;  in  the 
majority,  from  4  to  9  months.  Large  doses  w’ere  specifically  reported  in  six- 
cases.  Four  patients  had  increased  the  daily  dose  to  0,2  gm.  for  a  period  of 
from  3  weeks  to  8  months;  one  patient  took  20  to  30  tablets  during  4  days 
before  onset  of  symptoms  and  another  was  said  to  have  ingested  “massive 
doses'’  for  3  weeks  before  he  became  sick.  Hepatitis  was  present  in  10  cases 

42  Asrresg,  C.  M.  :  Atabrine  as  a  Cause  of  Fatal  Kxfoliatlve  Dermatitis  and  Hepatitis.  .I.A.M.A. 
1.^1:  14  21.  4  Slay  HHC. 

4:i  Custer,  R.  P. ;  Aplastic  .\neinia  in  Soldiers  Treated  With  Atabrine  (Quinacrine).  .\m.  J.M. 
Se.  212  :  211-224,  August  ll»4ti. 
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uucl  the  ‘‘cjuiurtcriue  tlenivatitis  complex”  in  25.  The  liver  lesions  in  five  cases 
were  indistin<>:nishal)le  from  epidemic  hepatitis,  ('ei-ebral  hemorrhage  was 
the  immediate  cause  of  death  in  10  cases.  The  bone  marrow  in  all  cases  was 
badly  depleted  of  normal  hematopoietic  elements,  often  almost  totally  so 
without  evidence  of  extrame<Iullary  iiematopoiesis.  Occasionally,  the  influx 
of  lymphocytes,  plasmocytes,  and  histiocytes  attained  such  proportions  that 
at  first  ijlance  the  fundamental  hypoplastic  state  was  not  apparent.  One  man 
who  received  65  transfusions  and  lived  10  months  had  extensive  secondaiy 
fibix)sis  of  the  marrow  cavity,  (''linically.  the  onset  was  ‘rradual  in  most 
cases,  and  purpuric  manifestations  were  commoidy  seen  early.  In  many 
cjvses,  the  i-ed  olood  cell  count  <*ould  be  maintained  at  fairly  "ood  levels  by 
repeated  transfusions,  but  the  white  cells  and  platelets  remained  uniformly 
depiTssetl.  In  20  cases,  the  “quinacrine  dermatitis  complex"  preceded  the 
anemia.  Although  this  form  of  possible  quinacrine  toxicity  has  provexl  fatal 
in  the  great  majority  of  cases,  recovery  has  been  reported.** 

Asymptomatic  changes  in  the  skin. — Ohanges  in  the  skin  and  mucous 
membranes  resulting  from  the  prolonged  administration  of  quinacrine  were 
the  subject  of  numerous  reports.  They  varied  from  asymptomatic  pigmentary 
changes  to  severe  and  disabling  forms  of  dermatitis. 

The  yellow  discoloration  of  the  .skin  as.sociated  with  quinacrine  inge.stion 
was  a  common  finding  in  the  majority  of  men  on  prolonged  suppression.  The 
intensity  of  the  discoloration,  which  is  not  a  toxic  manifestation  of  drug  in¬ 
gestion  but  rather  an  expression  of  its  deposition  in  the  skin,  varied  with 
duration  and  dosage  of  suppre.ssion,  expo.sure  to  sunlight,  and  complexion, 
being  mo.st  marked  in  subjects  with  dark  skin  and  hair. 

Attempts  were  made  to  correlate  the  degree  of  fluorescence  produced  by  quinacrine 
in  the  skin  and  plasma  levels  with  the  use  of  a  dermofluorometer.  A  high  degree  of 
correlation  of  induced  palmar  skin  fluorescence  with  mean  plasma  levels  was  found  in 
33  volunteers  on  0.2  gm.  daily  for  1  week  and  0.1  gm.  daily  for  3  weeks.  The  peak  of 
fluoresrence  in  the  skin  was  reached  in  4  to  5  weeks  after  initial  dosage  and  decreased 
slowly  over  a  12-week  period  after  the  <lrug  was  <Iiscontinued.  It  was  believed  that  this 
instrument  might  l)e  useful  in  the  field  in  determining  whether  quinacrine  suppre.ssion 
discipline  was  effective. 

Quinacrine  discoloration  of  the  sclera,  as  observed  in  a  small  number  of 
individuals,  w'as  described*^’  as  consisting  of  yellowish  pigmentation,  most 
marked  around  the  limbus  in  the  part  of  the  sclera  e.xposed  in  the  palpebral 
fissure,  and  fading  toward  the  fornices.  On  the  other  hand,  in  jaundice,  the 
pigmentation  is  most  marked  in  the  fornices  toward  the  equator  of  the  globe 
and  fading  toward  the  limbus. 

Ochronosis-like  pigmentation  of  mucous  mernliranes,  skin,  and  cartilage 
was  described  in  many  individuals  on  quinacrine  suppression.  In  a  dental 

Most.  H..  and  Ha.vniiiii.  .T.  M..  .Tr.  :  Rocovor.v  Kroni  Sovoro  H.vpoplastic  .-Vneniia  Associated 
With  Atj-pical  Lichen  Planus.  Bull.  U.S.  .Army  .AI.  Dept,  "i ;  March  1946. 

Haynian.  J.  M..  Jr. :  Atabrine  Pigmentation  of  the  Sclera.  Bull.  U.S.  Army  M.  Dept.  No.  82, 
pp.  12U-TJ1.  November  1944. 
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survey  of  1,000  men  in  the  Philippine  Ishiiuls,  300  showed  bluish-purple  pig¬ 
mentation  of  the  hard  palate.  The  color  varied  from  a  light  blue  purple  to 
intense  blue  black  involving  from  1  cm.  to  the  entire  palate.'*®  In  another 
report,*'  the  incidence  in  500  men  in  the  Southwest  Pacific  Area  was  31  per¬ 
cent.  The  majority  of  the  men  with  pigmentation  of  the  palate  had  been  on 
(juinacrine  suppression  for  at  least  7  months.  The  nature  of  the  pigment 
based  on  staining  reactions  of  biopsy  sections  was  considered  to  be  hemosid¬ 
erin.  A  lietailed  study  of  a  small  number  of  patients  showed  the  ochronosis¬ 
like  pigment  to  be  distributed  in  the  skin,  hard  palate,  nail  beds,  the  cartilages 
of  the  nose,  ears,  epiglottis,  and  trachea,  the  conjunctivae  and  corneoscleral 
limbus.  Phenol  and  alkaptonuria  were  excluded  as  causative  fiictors.  Sur¬ 
veys  at  Harmon  General  Hospital,  Longview,  Tex.,  and  Moore  General  Hos¬ 
pital,  Swannanoa,  N.C.,  likewise  demonstrated  an  incidence  of  15  to  30  per¬ 
cent  of  asymptomatic  pigmentation  as  described  above  in  patients  who  had 
been  on  prolonged  quinacrine  suppression  ovei*seas. 

Atabrine  dermatitis  complex. — More  significant  changes  in  the  skin  were 
reported  from  overseas  as  causing  disability  and  frequently  serious  prolonged 
illness.  For  security  reasons  and  in  order  to  maintain  the  morale  of  quina¬ 
crine  suj)pression,  the  data  accumulated  were  not  made  generally  available 
at  first.  It  was  necessary  in  the  beginning  to  collect  information  on  the  inci¬ 
dence  of  these  reactions  and  to  evaluate  fully  the  relation  of  quinacrine  to 
tiiem.  The  possibility  of  substituting  another  suppressive  agent  for  quina¬ 
crine  had  to  be  considered  if  this  cutaneous  complex  proved  to  be  widespread 
or  if  unfounded  rumors  as  to  its  incidence  and  severity  threatened  a  break¬ 
down  in  discipline.  Fortunately,  this  did  not  occur  nor  was  it  found  that 
the  incidence  of  the  Atabrine  dermatitis  complex  was  very  great.  The  follow¬ 
ing  paragraphs  from  a  report  entitled  “Evaluation  of  the  Untoward  Reac¬ 
tions  Attributable  to  Atabrine’’  prepared  by  the  Medical  Consultants  Division 
of  the  Surgeon  General’s  Office  summarize  the  vast  amount  of  clinical  and 
other  data  collected  overseas  and  in  this  country : 

Metlical  officers  in  the  Southwest  I’acitic  Area  called  attention,  in  the  latter  part  of 
194.1,  to  a  characteristic  cutaneous  syndronie  which  was  oci-urriiiK  in  soldiers  who  had 
been  evacuated  from  New  Guinea  and  adjai'ent  i.slands.  Lt.  t’ol.  Charles  L.  Schmitt, 
MC,  and  Maj.  (later  Lt.  Col.)  Thomas  W.  Nisbet,  MC,  dermatologists  stationed  with  gen¬ 
eral  hospitals  in  that  area,  were  the  first  to  submit  to  The  Surgeon  General  official  re¬ 
ports  in  which  they  described  the  disease  and  its  probable  etiology.  Later,  similar  cases 
were  reported  from  all  other  theaters  where  suppressive  atabrine  medication  was  in 
general  use  as  a  control  measure  for  malaria.  This  syndrome  has  been  observeil  most 
frequently  in  New  Guinea  and  ad.jacent  islands  and  in  Assam  and  northern  Hurma ;  in 
other  areas  only  small  numbers  of  cases  have  occurreil. 


■ifi  Sumnier.  S.  ;  .\n  Oral  Manifestation  of  tlie  tise  of  .\tabrine.  [Official  record.] 
o  Lippard.  V.  W..  and  Kauer.  G.  L.,  .Ir.  :  IMgmeutatioii  of  the  Palate  and  Subungual  Tissues 
Associated  With  Suppressive  Quinacrine  Hydrochloride  Tlierap.v.  .Vni.  ,1.  Trop.  Med.  25:  469-471, 
November  1945. 

Evaluation  of  the  t’ntoward  Reactions  Attributable  to  -Vtabrine.  ISnll.  l’.S:“.\rm.v  M.  Dept.  4: 
65:{-659,  December  1945. 
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This  skin  disease  which  lias  acquired  the  name  atypical  lichen  planus  is  character¬ 
ized  by  various  •  *  •  types  of  lesions.  •  *  •  Almost  all  patients  have  both  violaceous, 
hypertrophic  lichenoid  piaques  and  some  form  of  cutaneous  eczematoid  reaction.  Dur¬ 
ing  the  course  of  the  disease,  a  considerable  number  of  these  patients  have  acute,  “ex¬ 
plosive”  generalized  exacerbations,  manifested  by  oozing  eczematoid  dermatitis  having  a 
predilection  for  the  flexors,  groins,  axillae,  extremities,  and  neck.  Such  exacerbations 
resemble  exfoliative  dermatitis  •  •  *  which  is  as  severe  as  the  cases  of  primary  exfolia¬ 
tive  dermatitis  described  below.  The  seriousness  of  such  a  state  and  the  need  for  expert 
management  of  these  patients  cannot  be  overemphasized. 

Usually  the  disease  is  characterized  by  the  onset  of  localized  violaceous  or  erythe¬ 
matous  eczematoid  plaques  •  •  *  followed  by  generalization  of  the  lesions  with  subse¬ 
quent  appearance  of  the  lichenoid  plaques  and  mucous  membrane  lesions.  •  *  •  Any 
part  of  the  cutaneous  surface  may  be  involved,  but  there  is  a  predilection  for  the  lower 
legs,  forearms,  dorsal  surface  of  hands  and  feet,  face,  buttocks,  low’er  anterior  surface  of 
the  neck,  genitalia,  mucous  membranes  of  the  mouth,  eyes,  and  eyelids.  Residual  effects 
and  lesions  which  develop  later  in  the  course  of  the  disease  include;  atrophy;  hyper¬ 
pigmentation  (melanin)  and  depigmentation ;  diffuse  follicular  accentuation  over  the 
upper  back,  shoulders,  and  extremities;  changes  in  the  nails;  moth-eaten,  patchy  alo¬ 
pecia;  and  marked  disturbance  in  sweating  function. 

*  *  *  A  characteristic  type  of  eczematoid  dermatitis  which  also  has  occurred  in  in¬ 
dividuals  taking  suppressive  Atabrine  *  *  *  is  characterized  by  bilateral,  symmetrical, 
violaceous-tinged,  vesicular,  eczematoid  and  oozing  plaques  Involving  the  bands,  arms, 
feet,  legs,  and  sometimes  other  parts  of  the  body.  Secondary  pyogenic  infection  is  com¬ 
mon.  The  nail  bed  and  skin  of  the  nail  folds  are  usually  involved,  frequently  resulting 
in  exfoliation  of  the  nails  without  true  suppurative  paronychia.  With  experience,  on 
clinical  grounds,  one  can  in  most  cases  distinguish  between  this  eruption  and  other  forms 
of  eczematoid  dermatitis.  Tentatively  the  term  “symmetrical  eczematoid  dermatitis”  has 
been  used  ♦  ♦  *. 

It  does  not  seem  advisable  to  make  a  sharp  distinction  between  the  so-called  atypical 
lichen  planus  and  the  symmetrical  eczematoid  dermatitis  syndrome.  From  a  broad  point 
of  view,  it  seems  that  all  of  these  patients  have  either  a  lichenoid  cutaneous  reaction  or 
an  eczematoid  cutaneous  reaction  or  a  combination  *  *  *.  A  small  percentage  of  tlie 
total  group  have  lichenoid  lesions  alone;  a  larger  group  have  a  combination  of  lichenoid 
and  eczematoid  lesions;  and  a  still  larger  group  have  eczematoid  lesions  that  are  not 
accompanied  by  lichenoid  lesions. 

•  •  •  reports  of  general  Army  experience  *  ♦  *  indicate  that  Atabrine  is  the  essen¬ 
tial  etiological  factor.  The  mechanisms  resulting  in  the  lichenoid  reaction  and  the  ecze¬ 
matoid  reaction  are  probably  different.  For  example,  it  was  observed  in  a  carefully 
controlled  series  of  cases  at  Moore  General  Hospital  that  the  time  interval  preceding 
exacerbations  of  eczematoid  lesions  is  much  shorter  than  with  the  lichenoid  lesions. 
The  fact  that  the  incidence  has  been  so  very  much  higher  in  New  Guinea  and  adjacent 
islands  and  in  Assam  and  northern  Burma  suggests  that  climatic  or  geographic  factors 
may  play  a  contributory  role  in  the  etiology.  There  is  evidence  that  various  forms  of 
cutaneous  trauma  may  contribute  to  the  onset  and  localization  of  the  lesions,  particu¬ 
larly  the  eczematoid  phase  of  the  eruption.  The  sequence  of  events  in  many  cases  sug¬ 
gests  that  individuals  taking  suppressive  Atabrine  have  a  tendency  to  acquire  chronic 
eczematoid  dermatitis  on  contact  with  external  allergens  (such  as  certain  jungle  plants 
and  trees)  rather  than  self-limited  contact  dermatitis  which  is  the  usual  course  ♦  * 

It  appears  that  cutaneous  reactions  are  more  frequent  in  individuals  who  have  been 
taking  Atabrine  in  dosages  above  the  recommended  suppressive  amount  (0.7  gm.  per 
week).  It  should  be  emphasized  that  the  incidence  of  these  cutaneous  diseases  has 
been  relatively  low,  even  in  New  Guinea,  and,  from  the  military  point  of  view,  has  not 
been  an  important  handicap. 
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Sinc‘e  available  evidence  indicates  that  we  are  dealing  with  one  complex,  it  is  sug¬ 
gested  that  it  would  be  best  to  group  these  cutaneous  reactions  attributed  to  Atabrine 
under  one  heading  “Atabrine  dermatitis  complex”  and  classify  the  various  manifesta¬ 
tions  as  follows:  (1)  lichenoid  dermatitis;  (2)  lichenoid  and  eczematoid  dermatitis 
(both  including  cases  heretofore  referred  to  as  “atypical  lichen  planus")  ;  (3)  eczema¬ 
toid  dermatitis  (including  cases  heretofore  referred  to  as  “symmetrical  eczematoid  der¬ 
matitis”)  ;  (4)  exfoliative  dermatitis  secondary  to  (1),  (2),  or  (3). 

The  treatment  of  these  conditions  dt^iHUids  f<»r  the  most  juirt  on  early  recognition 
of  the  trouble  and  discontinuation  of  Atabrine.  In  many  instances,  it  is  ditTicult  to  de¬ 
cide  whether  or  not  a  given  case  of  eczematoid  dermatitis  is  due  to  Atabrine.  It  is 
necessary  to  study  such  cases  carefully,  with  careful  observation  after  withdrawal  of 
Atabrine  and  possibly  cautious  trial  readministration  of  the  drug  (do  not  attempt  read¬ 
ministration  of  Atabrine  to  a  patient  who  has  had  exfoliative  dermatitis  or  a  severe 
generalized  eczematoid  exacerbation).  ♦  *  *  When  possible,  such  patients  should  be  seen 
by  a  competent  dermatologist,  and  every  effort  should  be  made  to  rule  out  other  etiologi¬ 
cal  factors.  Parenteral  administration  of  penicillin  is  indicated  in  patients  with  second¬ 
ary  pyogenic  infection.  Local  treatment  should  be  bland  and  nonirritating,  and  should 
consist  of  preparations  such  as  1 : 9,000  potassium  permanganate  soaks,  Burow's  solution 
soaks,  5  percent  aqueous  solution  of  tannic  acid  spray  for  oozing  intertriginous  sites, 
and  application  of  borated  cold  cream  if  a  grease  is  indicated.  Preparations  such  as 
salicylic  acid  ointment,  tincture  of  iodine,  and  sulfonamide  ointments  should  not  be  used. 
Arsenicals  and  bismuth  have  been  tried  in  some  cases  without  affec-ting  the  course  sig¬ 
nificantly;  they  should  not  be  used.  Superficial  X-ray  therapy,  if  indicated,  should  be 
uswl  only  under  the  dirtn-tion  of  a  comi>etent  dermatologist  and  in  small  doses  ( not 
more  than  75  r  and  not  to  exc-eeil  a  total  of  more  than  375  r  to  450  r).  At  least  some 
of  these  patients  have  some  degree  of  light  sensitivity.  Therefore,  exposure  to  sunlight 
should  be  avoided  and  ultraviolet  light  therapy  should  not  be  used.  All  patients  should 
be  studied  from  the  general  medical  standpoint,  including  studies  of  blood,  scrum  pro¬ 
teins,  and  liver  function.  Therapeutic  agents  such  as  plasma,  liver  extract,  multiple 
vitamins,  and  intravenous  glucose  should  be  used  when  indicated. 

The  prognosis  varies  from  individual  to  individual.  In  general  it  is  exc*ellent,  espe¬ 
cially  if  the  patient  is  hospitalized  early  in  the  course  of  the  disease  •  ♦  The  lichenoid 
lesions  involute  slowly,  but  they  do  not  tend  to  recur;  the  eczematoid  phase  of  the  erup¬ 
tion  may  involute  rapidly,  but  it  tends  to  recur  and  is  responsible  for  the  prolonged 
disability  which  occurs  in  some  cases.  In  general,  recovery  is  a  matter  of  weeks  and 
months.  Residual  hyperpigmentation,  depigmentation,  and  atrophy  at  the  sites  of  lesions 
become  less  pronounced  as  time  goes  on  and  the  hypohidrosis  which  occurs  in  many 
patients  also  improves  spontaneously.  The  course  is  usually  prolonged  in  all  cases  of 
exfoliative  dermatitis  because  of  frequent  exacerbations.  It  should  be  noted  that  these 
patients  have  not  been  followed  for  a  sufficient  length  of  time  to  make  final  statements 
in  regard  to  the  prognosis  of  these  cutaneous  reactions. 

Another  major  type  of  cutaneous  reaction  which  has  been  attributed  to  Atabrine  is 
primary  exfoliative  dermatitis,  not  secondary  to  the  lichenoid-eczematoid  syndrome.  This 
is  characterized  by  acute  fulminating  exfoliative  dermatitis,  demonstrably  associated 
with  true  hypersensitivity  to  Atabrine.  It  is  in  every  respect  similar  to  exfoliative  der¬ 
matitis  due  to  other  agents  such  as  arsenicals.  This  type  of  cutaneous  reaction  ♦  ♦  * 
is  believed  to  be  associated  with  Atabrine,  much  less  commonly  with  quinine.  Hyi>er- 
sensitivity  of  this  degree  may  constitute  a  dangerous  state  in  either  instance. 

Acute  reactions  to  short-term  administration 

The  principal  to.xic  manifestations  from  therapeutic  amounts  of  quina- 
crine  usually  employed  in  terminatinjr  acute  attacks  of  malaria  or  from  small 
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initial  doses  early  iu  suppression  are  related  mainly  to  the  skin,  gastrointesti¬ 
nal  tract,  and  central  nervous  system. 

Skin. — Acute  reactions  iu  the  skin  related  to  hypersensitivity  or  reactiva- 
t'' a  of  eczematoid  dermatitis  following  small  amounts  of  quiuacrine  have 
been  discussed.  In  addition,  urticaria  ami  pruritus  have  been  described  as 
an  uncommon  toxic  manifestation  of  «tuinacrine  ingestion.  In  a  report 
from  India,  12  cases  of  pruritus  and  urticaria,  particularly  of  the  palms,  were 
descril)ed  in  the  course  of  quinacrine  suppression.  In  2  patients,  symptoms 
began  within  3  days  after  suppressive  medication  was  started  and,  in  the 
other  10  patients,  within  2  to  3  weeks.  The  symptoms  subsided  in  three  pa¬ 
tients  while  they  were  still  on  the  drug  ajul  in  Jiine  within  -1  ilays  after  the 
drug  was  disi'ontinued.  Six  patients  had  no  recurrence  when  quinacrine  was 
readministered,  and,  in  the  three  who  hatl  a  recurrence,  syin{)toms  distippearetl 
with  continued  medication. 

Gastrointestinal  tract. — Gastrointestinal  symptoms  (nausea  and  vomit¬ 
ing)  are  rarely  encountered  with  quinacrine  during  therapeutic  termination 
of  acute  attacks  of  malaria.  Frequently,  these  symptoms  when  present  are 
due  to  malaria  rather  than  to  ingestion  of  the  drug.  The  administration  of 
quinacrine  in  colored  capsules  to  patients  who  stated  they  could  not  take  it 
because  of  gastrointestinal  symptoms  completely  forestalled  the  development 
of  such  symptoms.®"  Likewise,  giving  the  drug  after  meals  or  with  sweetened 
fluids  during  an  attack  of  malaria  reduced  the  incidence  of  nausea.  Nausea, 
vomiting,  and  diarrhea  were  reported  in  large  numbers  of  men  on  initial  sup¬ 
pressive  doses  of  0,2  gm.  twice  weekly  in  some  series  and  not  at  all  in  others. 
Symptoms  usually  disappeared  after  three  or  four  doses  and  occurred  only 
infrequently  in  the  0.1  gm.  daily  schedule.  Psychological  factors,  field  sani¬ 
tary  conditions,  and  other  reasons  were  held  mainly  responsible  for  gastroin¬ 
testinal  symptoms.  The  consensus  was  that  these  reactions  were  never  severe 
and  almost  invariably  disappeared  if  the  drug  was  continued.®^ 

Central  nervous  system. — Before  World  War  II,  mental  disturbances 
were  reported  as  occurring  in  approximately  1  to  2  of  every  1,000  cases  of 
malaria  treated  with  quinacrine  orally  or  intramuscularly,  and  various  aber¬ 
rations  of  the  central  nervous  system  attributed  to  quinacrine  were  reported 
in  a  number  of  cases  during  the  war. 

In  7,604  patients  treated  with  quinacrine  in  a  period  of  7  months  at  an 
oversea  general  hospital,  35  cases  of  toxic  psychosis  were  observed.®^  Total 
doses  of  2.1  gm.  quinacrine  in  a  week  were  routine.  The  greatest  number  of 
reactions  occurred  within  6  days  of  completion  of  therapy,  although  one  was 
observed  after  only  0.9  gm.  had  been  given  and  one  developed  as  late  as  12 
days  after  therapy.  There  were  two  main  types  of  onset.  The  most  frequent 

w  Essential  Technical  Medical  Data,  India-Iturma  Theater,  for  .VuRust  1945,  inclosure  3  thereto. 

“  See  footnote  15  (1),  p.  532. 

•''>  The  Drug  Suppressive  Treatment  of  Malaria.  Bull.  U.S.  .\riiiy  M.  Dept.  No.  73,  pp.  29-34, 
P'ebriiar.v  1944. 

52  Gaskill,  H.  S.,  and  Pitz-Hugh,  T..  Jr. :  Toxic  Ps.vchoses  Following  Atabrine.  Bull.  U.S.  Army 
M.  Dept.  No.  86,  pp.  63-69,  March  1945. 
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(65  percent)  was  marked  by  excitation,  hallucinations,  and  delusions.  The 
other  (.‘IS  percent)  began  with  retardation,  tlisorientation,  and  amnesia  for 
recent  events  together  with  confabulation.  No  constant  physical  or  laboratory 
findings  were  obtained.  The  course  of  the  psychosis  was  benign  in  most 
instances.  Sixteen  patients  wei-e  subse^jnently  (after  16  to  210  days)  retested 
with  (piinacrine  and  only  one  showe<l  any  untoward  reaction,  consisting  of 
mild  excitement  which  cleared  within  24  horn's.  There  was  no  evidence  that 
the  men  who  developed  toxic  (piinacrine  psychoses  were  unstable  psychologic¬ 
ally.  Two  patients  who  did  not  recover  developed  typical  schizophrenic 
reactions.  There  was  no  e\  idence  of  latent  psychosis  in  the  previous  l)ehavior 
of  these  two  patients.  Treatment  consisted  of  restraint,  sedation,  supervision, 
and  nui'sing  care.  The  authors  believed  that  the  psychoses  represented  a 
(juinacrine  .sensitivity  reaction  following  which  there  was  an  unreactive 
period. 

In  another  report  from  overseas,®^  28  cases  of  quinacrine  p.sychosis  wei-e 
observed  in  the  Americal  Division.  The  degree  of  malarial  infection  and 
the  great  number  of  relapses  treated  in  this  division  would  indicate  the  in¬ 
cidence  of  this  reaction  to  be  extremely  low.  Two  patients  gave  a  history  of 
previous  psychotic  reactions  to  quinacrine,  and  in  two  additional  patients  it 
was  believed  that  schizophrenia  was  induced  by  the  drug.  Only  one  case 
was  noted  during  the  standard  course  of  2.8  gm.  of  quinacrine  in  7  days. 
The  remainder  developed  during  or  after  larger  total  doses,  18  patients  re¬ 
ceiving  more  than  S  gin.  Confusion  was  the  prominent  clinical  feature  of 
the  psychosis  in  27  patients.  Hallucinations  occurred  in  eight  cases.  Recov¬ 
ery  was  complete  within  10  days  in  16  patients.  By  the  use  of  the  Koh's 
block  test,  the.se  authors  showed  that  there  was  evidence  of  confusion  in  7  of 
31  patients  treated  with  4.5  gm.  quinacrine  during  9  days,  while  no  such 
changes  could  be  demonstrated  in  27  patients  treated  with  2.1  gm.  in  7  days. 
Additional  cases  of  quinacrine  psychosis  were  reported  from  various  instal¬ 
lations  overseas  and  in  the  United  States,  but  their  incidence  was  an  insignifi¬ 
cant  fraction  of  the  total  number  of  psychoses  that  occurred  in  the  U.S.  Army. 

Convulsions  were  reported  in  six  patients  treated  with  “massive”  amounts 
of  quinacrine  orally  and  in  two  who  were  treated  intravenously.  The  con¬ 
vulsions  occurred  during  treatment  or  on  the  following  day,  with  uncon¬ 
sciousness  for  5  to  15  minutes  followed  by  confusion.  Within  24  hours,  these 
patients  were  all  mentally  clear.  Plasma  levels  determined  in  three  cases 
were  from  180  to  280  /ug.  per  liter.  Studies  were  stimulated  by  observation  of 
high  plasma  levels  with  parenteral  quinacrine  therapy  and  by  reports  in  the 
literature  before  World  War  II®®  of  mental  changes  associated  with  paren¬ 
teral  medication.  A  group  of  13  volunteers  were  given  0.9  gm.  of  quinacrine 

■‘•'i  Xewfll.  H.  W..  and  I.idz,  T.  :  The  Toxicity  of  Atabrine  to  the  Central  Nervous  System. 

I.  Toxic  Psychoses.  Am.  J.  Psychiat.  102  ;  805-818,  May  1946. 

M  Newell.  H.  W.,  and  Lidz.  T.  ;  The  Toxicity  of  Atabrine  to  the  Central  Nervous  System. 

II.  Convulsions.  Am.  .1.  Psychiat.  102  :  805-818,  May  1946. 

“  See  footnote  34,  p.  545. 


558 


INFECTIOUS  DISEASES 


daily  for  7  days.  Peak  plasma  levels  were  from  156  to  420  with  a  mean  of 
286  ixg.  per  liter.  No  symptoms  or  sijjns  related  to  the  nervous  system  were 
observed.  Elect roencephalographic  studies  revealed  only  small  and  incon¬ 
sistent  changes  not  characteristic  of  those  observed  in  convulsive  disordei-s  of 
the  brain.  In  another  study,  five  normal  subjects  were  given  sufficient  quina- 
crine  by  mouth  during  7  to  10  days  to  produce  plasma  levels  in  excess  of 
100  /ig.  per  liter.  In  all  cases,  there  was  evidence  of  marked  psychologic 
stimulation  (motor  acceleration,  restlessness,  sleeplessness,  and  increased  ca¬ 
pacity  for  work),  and  the  electroencephalogram  showed  a  significant  shift 
toward  faster  frequencies.  Tliese  manifestations  appeared  by  the  third  day 
and  i>ersisted  for  6  to  8  days  after  the  drug  was  discontinued.  ;  ue  authors 
considered  the  data  convincing  evidence  that  quinacrine  acted  as  a  cortical 
stimulant. 

Summary  of  Studies 

An  experimental  approach  to  the  chemotherapy  of  malaria  led  to  a  ra¬ 
tional  use  of  quinacrine  for  effective  treatment  of  attacks  and  for  suppres¬ 
sion.  The  development  of  chemical  methods  for  estimating  quinacrine  in 
biolofirical  fluids  and  tissues  resulted  in  a  better  understanding  of  the  limi- 
tations  of  treatment  and  suppressive  schedules  in  use  before  and  early  in 
World  War  II.  Clinical  and  field  studies  carried  out  on  a  large  scale  dem¬ 
onstrated  that  quinacrine  if  properly  used  was  superior  to  totaquine  or  its 
component  alkaloids  for  treatment  or  suppression  of  malaria  due  to  P.  vivax 
or  P.  falciparum,  Quinacrine  produced  more  prompt  control  of  fever,  symp¬ 
toms,  and  parasitemia;  was  less  toxic;  and  provided  a  longer  interval  to 
relapse  than  quinine,  sulfonamides,  or  heavy  metals.  Quinacrine  was  shown 
to  induce  definitive  cure  in  falciparum,  infections  and  to  provide  effective 
suppression  of  relapsing  malaria  when  priming  initial  doses  were  followed  by 
daily  doses  of  0.1  gm.  Failures  in  suppression  (bi-eakthroughs)  were  shown 
mainly  due  to  poor  discipline  and  failure  to  take  the  drug.  Parenteral  use 
of  quinacrine  was  found  effective  in  severe  falciparum  infections,  but  no  con¬ 
clusive  comparative  study  was  reported  between  quinine  and  quinacrine  given 
parenterally.  Toxic  reactions  known  before  the  war  were  encountered,  these 
consisting  of  minor  gastrointestinal  symptoms  and  toxic  psychoses.  In  addi¬ 
tion,  prolonged  quinacrine  ingestion  produced  edema  of  the  cornea  in  some 
cases,  and  in  a  large  number  of  cases,  the  following  reactions  were  described : 
(1)  Ochronosis-like  pigmentation  of  skin,  mucous  membranes,  and  cartilage 
(possibly  with  hepatitis),  (2)  urticaria  and,  more  significantly,  a  dermatitis 
complex  (atypical  lichen  planus  and/or  eczematoid  dermatitis),  and  (3) 
aplastic  anemia.  It  was  only  shown  that  long-continued  suppression  pro¬ 
duced  these  reactions  in  only  a  small  proportion  of  men  taking  the  drug  and 
that  on  the  whole  no  significant  disturbances  in  organ  function  resulted.  The 
l^roper  use  of  quinacrine  made  possible  effective  military  operations  in  highly 
malarious  areas. 
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4-AMINOQUINOLINE  COMPOUNDS 

The  background  for  the  elaboration  and  study  of  this  group  of  com¬ 
pounds  is  reviewed  in  a  report  on  investigations  of  potentially  antimalarial 
drugs  in  the  laboratories  of  the  I.  G.  Farben  Werke  in  Elberfeld,  Germany. 
Following  the  discovery,  in  1924,  of  Plasmochin  (a  trade  name  for  pamaquine 
naphthoate,  an  8-aminoquinoline)  interest  was  centered  on  the  possibilities  of 
quinoline  derivatives.  A  total  of  314  acridine  derivatives  were  prepared,  but 
none  was  found  to  be  more  active  than  quinacrine.  In  1929,  work  with  the 
4-aminoquinoline  compounds  was  begun,  and  in  1934  a  compound  as  effective 
as  quinacrine  was  discovered  and  furnished  the  impetus  for  the  preparation 
of  numerous  derivatives  during  the  years  following.  Although  this  infor¬ 
mation  was  not  available  to  us  during  World  War  II,  it  is  of  interest  that 
two  reports  appeared  in  the  French  literature  which  discussed  very  generally 
the  antimalarial  properties  of  Sontochin  (SN  6,911),  one  of  the  4-amino- 
quinoline  drugs  prepared  in  Germany. 

This  drug  became  available  in  North  Africa  during  the  Second  World 
War,  and  its  chemical  identity  was  established.  It  was  subsequently  synthe¬ 
sized  and  made  available  to  the  U.S.  Army  for  experimental  and  clinical 
testing.  A  brief  discussion  of  the  antimalarial  properties  of  Sontochin  is 
presented,  to  be  followed  in  turn  by  brief  discussions  of  several  other  de¬ 
rivatives  prepared  in  this  country,  particularly  SN  7,618  or  Chloroquine 
Diphosphate,  which  proved  to  be  the  most  effective.  The  proper  uses  of 
Plasmochin,  rediscovered  during  the  war,  will  be  discussed  in  due  course. 

Sontochin  (SN  6,911) 


General  properties 

Absorption  of  the  bisulfate  of  SN  6,911  is  essentially  complete  whereas 
only  about  80  percent  of  the  binaphthoate  is  absorbed.  Following  its  ab¬ 
sorption,  the  drug  is  extensively  localized  in  the  tissues.  About  25  pei-cent 
of  the  daily  dose  is  excreted ;  about  75  percent  is  degraded.  The  plasma  level 
falls  approximately  25  percent  per  day.  Daily  doses  of  0.3  gm.  of  base  re¬ 
sult  in  mean  plasma  levels  of  160  ^g.  per  liter  (range  66  to  292).  Therapeu¬ 
tic  effects  in  \ivaa:  infections,  that  is,  control  of  fever  and  parasitemia  with¬ 
out  recurrence  within  14  days,  are  obtained  with  mean  plasma  levels  above 
80  fig.  per  liter  for  4  days  and,  in  falciparum  infections,  with  levels  of  110 
to  200  jutg.  per  liter  for  6  days.  A  therapeutic  schedule  consisting  of  0.9  gm. 
on  the  first  day  and  0.3  gm.  daily  for  3  additional  days  produces  plasma  lev¬ 
els  of  from  125  to  193  ju.g.  per  liter  for  4  days  and  is  effective  in  terminating 
induced  vhax  and  falciparum  infections. 


Formula :  ,3-Meth.vl-7-chloro-4-(4-diethylauiino-l-meth.vlbutylamlno)  quinoline  bisulfate  or  bi¬ 
naphthoate. 
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Clinical  testing 

Acute  attacks. — The  relative  efficiency  of  SN  (5,911  and  quinacrine  in 
the  treatment  of  acute  attacks  of  vivax  malaria  of  Pacific  and  Mediterranean 
origin  was  studied  at  Harmon  General  Hospital.  A  total  of  99  patients 
were  ti’eated  with  3.2  gm.  of  SN  6,911  base  during  7  days.  There  was  prompt 
control  of  fever  and  symptoms  (86  to  100  j^ercent  fever  free  on  the  second 
day),  but  not  significantly  more  so  than  with  quinacrine,  and  parasites  dis¬ 
appeared  from  the  blood  at  approximately  the  same  rate  with  either  drug. 
Of  7;")  patients  followed  for  at  least  60  <lay.s  after  completion  of  treatment, 
49  (about  65  percent)  relapsed;  the  interval  to  relapse  was  snorter,  27  per¬ 
cent  occurring  in  the  first  5  weeks  after  treatment  with  SN  6,911,  compared 
with  only  7  percent  in  the  same  interval  after  treatment  with  quinacrine.  In 
this  study,  no  advantage  of  SN  6,911  over  quinacrine  was  found. 

From  similar  observations  in  studies  carried  out  at  various  U.S.  naval 
installations,  similar  conclusions  were  drawn.  Single  doses  of  1.0  gm.  SN 
6,911  were  found  effective  in  terminating  acute  attacks  of  vivax  malaria  of 
Pacific  origin  in  45  patients.  Parasitemia  was  controlled  within  36  hours, 
and  usually  no  further  paroxysms  occurred.  Relapses  were  ol>served  in  as 
little  as  24  days  after  therapy.  Toxic  symptoms  or  signs  were  not  encoun¬ 
tered. 

No  extensive  studies  on  treatment  with  SN  6,911  for  malaria  caused  by 
P.  falciparum  were  carried  out  in  the  field.  In  India,  it  was  shown  that  a 
single  infusion  of  0.64  gm.  of  SN  6.911  in  1,000  cc.  of  saline  given  intra¬ 
venously  during  2  to  3  hours  was  effective  in  terminating  acute  attacks  of 
falcipanim'  malaria.  Twenty  Chinese  soldiers  were  so  treated,  and  within  1 
to  4  days  (average  2.5  days)  blood  smears  became  negative.  Fever  was  con¬ 
trolled  in  12  to  80  hours  (average  41  hours).  The  respon.se  was  comparable 
to  that  observed  in  20  patients  who  were  given  0.6  gm.  of  quinacrine  intra- 
venouslv  although  the  latter  became  fever  free  on  the  average  of  12  hours 
sooner  than  those  treated  with  SN  6,911.  In  the  United  States,  it  was  shown 
that  0.9  gm.  of  SN  6.911  administered  for  1  day  followed  by  0.3  gm.  daily 
for  6  days  effected  definitive  cure  in  induced  falripamm  infections. 

Suppression. — Studies  with  SN  6,911  were  carried  out  in  Australia  on 
volunteers  infected  by  mosquitoes  with  the  New  Guinea  strains  of  P.  vivax 
and  P.  falciparum^  the  method  of  approach  being  the  same  as  previously  de¬ 
scribed.  Volunteers  who  received  “build-up”  doses  of  SN  6,911  of  0.2  gm. 
twice  daily  for  4  days  before  exposure  to  infection  and  then  had  0.1  or  0.2 
gm,  daily  during  the  period  of  exposure  and  for  23  days  after  the  last  in¬ 
fective  bite  had  smears  completely  parasite  free  (except  one  patient  who 
had  one  parasite  on  1  day  only),  and  thev  had  no  attacks  of  malaria.  Fol¬ 
lowing  discontinuance  of  suppressive  medication,  all  volunteers  infected  with 
P.  vivax  developed  acute  attacks  (average  27  days),  but  none  of  those  in¬ 
fected  with  P.  falciparum  developed  malaria  within  92  days  after  discontinu¬ 
ance  of  the  drug.  In  the  latter  group,  cure  was  demonstrated  by  failure  to 
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pnxliuv  malaria  in  recipients  who  were  <riven  200  cc.  of  hlocxl  from  tlie  test 
snhjei'ts.  No  imnnmity  was  demonstrated  since  subsequently  it  was  possible 
to  induce  malaria  in  the  same  subjects  with  the  same  strain  of  fah-rparnm. 
parasites.  Subinoculation  of  blood  from  subjects  tivated  with  SX  6.911.  on 
the  eijrhth  and  ninth  days  after  reinfection  with  P.  falciparum  prmluced 
malaria  in  the  recipients.  These  studies  therefore  showed  that  SX'  (>.911 
was  curative  in  faJcl/mrum  infections  through  its  effect  on  the  parasites  after 
they  reached  the  peripheral  blood. 

In  an  experiment  of  simulated  Held  type,  volunteers  were  heavily  exposed 
to  infection  for  58  days  while  supptvssive  doses  of  0.1  gni.  SN  6.911  were 
given  daily:  this  dosage  was  continued  for  28  days  after  the  last  infective 
bite.  In  addition,  the  men  were  subjected  to  extreme  exercise,  cold,  and 
adrenalin  injections.  During  the  jH‘riod  of  exposure  and  continued  sup¬ 
pression,  no  parasitemia  or  clinical  malaria  occurred.  After  the  drug  was 
stopped,  malaria  developed  in  all  volunteers  infected  with  /*.  vlrax  and  in 
none  of  those  infected  with  P.  falciparum.  Control  studies  with  similar 
doses  of  qninacrine  gave  identical  results. 

T  oxicity 

X'o  toxic  manifestations  related  to  SX'  6,911  were  reported  from  these 
Studies  in  which  more  than  200  patients  were  given  h.2  gm.  of  drug  during  7 
days'  treatment  for  acute  attacks  of  rlrax  malaria.  There  were  no  toxic 
signs  or  symptoms  in  subjects  who  received  0.1  or  0.2  gm.  daily  for  suppres¬ 
sion  for  several  weeks  or  months  nor  were  any  noted  in  subjects  who  received 
0.4  gm.  daily  for  20  or  more  days.  Xo  skin  discoloration  was  observed. 

Convulsions  occurred  during  the  administration  of  SN  6.911  iti  three 
patients  with  general  paresis  and  malaria.  Acute  confusional  })sychosis  was 
observed  in  two  additional  patients  with  plasma  concentrations  over  400  ftg. 
per  liter.  One  patient  who  had  1.5  gm.  of  SN  6,911  intravenously  after  a 
preliminary  full  therapeutic  course  of  qninacrine  developed  a  convulsion. 
The  drug  was  given  in  a  2.5  percent  saline  solution,  injected  at  the  rate  of 
1  cc.  i)er  minute.  Plasma  levels  in  the  order  of  1,000  fig.  per  liter  at  the 
end  of  the  injection  and  levels  above  200  fig.  24  hours  later  were  observed  in 
other  patients  who  received  similar  amounts  of  SN  6.911  intravenously. 

Experience  with  SN  6,911  was  not  sufficiently  prolonged  or  extensive  to 
permit  the  accumulation  of  data  with  regard  to  more  chronic  toxic  manifes¬ 
tations  of  the  nature  reported  from  prolonged  qninacrine  administration. 
However,  it  is  of  interest  that  stimulation  of  the  central  nervous  system  was 
demonstrated  in  subjects  with  high  plasma  levels  of  SN  6,911. 

Summary 

SN  6,911  was  found  to  be  as  effective  as  qninacrine,  except  for  the  briefer 
interval  between  relapses  after  ces.sation  of  treatment,  but  was  in  no  way 
superior  to  qninacrine,  except  that  it  did  not  discolor  the  skin.  It  might 
have  proved  a  useful  substitute  had  there  l)een  a  serious  breakdown  in  the 
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use  of  quinacrine  because  of  alleged  or  proved  toxicity.  These  studies  stim¬ 
ulated  further  syntheses  and  alterations  of  various  4-amino  acid  compounds 
which  ultimately  resulted  in  a  drug  that  was,  in  fact,  superior  to  quinacrine. 
This  was  SN  7,618,  or  Chloroquine  Diphosphate. 

Chloroquine  Diphosphate  (SN  7,618)®' 

An  intensive  2-year  study  was  made  of  this  drug  in  man  and  in  experi¬ 
mental  animals.  Its  pharmacology  was  studied  in  fairly  extensive  experi¬ 
ments  with  mice,  rats,  dogs,  monkeys,  and  man.  Extensive  studies  were  made 
on  its  prophylactic  activity  against  domestic  strains  and  Southwest  Pacific 
strains  of  vlvax  malaria,  on  its  curative  activity  against  sporozoite-induced 
infections  when  administered  atone  and  in  combination  with  other  com¬ 
pounds,  and  on  its  suppressive  activity.  Large-scale  in '^estigations  of  its 
use  in  terminating  the  acute  attack  and  for  suppression  were  carried  out  in 
military  installations.  Most  of  these  studies  w’ere  made  in  comparison  with 
quinine. 

General  properties 

Absorption  of  SN  7,618  from  the  gastrointestinal  tract  is  complete  or 
nearly  complete,  and  somewhat  more  rapid  than  absorption  of  quinacrine. 
Like  quinacrine,  SN  7,618  is  metabolized  in  the  body.  Only  10  to  20  percent 
is  excreted  unchanged  in  the  urine;  this  fraction  can  be  increased  by  acidifi¬ 
cation  of  the  urine,  decreased  by  alkalinization.  On  any  given  dosage  sched¬ 
ule  there  are  substantially  higher  concentrations  of  SN  7,618  in  the  plasma, 
since  there  is  less  localization  in  the  tissues  than  there  is  with  quinacrine. 
The  pattern  of  distribution  is  in  general  similar.  SN  7,618  is  concentrated  in 
nucleated  cells  (also  in  leukocytes) ;  the  liver,  spleen,  kidneys,  and  lungs 
contain  from  200  to  500  times  the  amount  in  the  plasma,  while  the  brain  and 
spinal  cord  contain  no  more  than  10  to  25  times  the  plasma  concentration. 

The  marked  localization  of  this  drug  in  the  organs,  together  with  the 
slow  rate  of  excretion  and  degradation,  necessitate  a  priming  dose  if  the 
desired  concentration  in  the  plasma  is  to  be  rapidly  reached  and  maintained. 
As  with  quinacrine,  these  factors  result  in  slow  disappearance  of  the  drug 
from  the  body  when  it  is  discontinued;  its  concentration  in  the  body  fluids 
generally  falls  about  60  percent  per  week  when  administration  stops. 

Antimalarial  activity 

SN  7,618  proved  more  active  than  quinacrine  in  all  of  the  avian  malarias 
in  which  it  was  tested.  In  Plasmodium  cathemerium  both  in  the  canary  and 
in  the  duck  it  is  3.5  times  as  active  as  quinacrine,  5  to  13  times  as  active 
against  Plasmodium  gallinaceum  and  2.5  times  as  active  in  Plasmodium 
lophurae  in  the  duck.  Like  quinacrine,  it  does  not  produce  permanent  cures 
in  any  of  these  infections,  nor  is  either  drug  prophylactic  in  sporozoite- 


57  Formula:  7-Chloro-4-(4-dletliylamIno-l-methylbutylamlno)  quinoline  diphosphate. 
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induced  cathemerium  malaria  in  the  canary  or  galliruiceum  malaria  in  the 
chick. 

SN  7,618  is  highly  active  against  ^  throcytic  forms  of  P.  vivax  and 
P.  falciparum.  It  does  not  prevent  i  in  vivax  malaria  even  in  doses 

many  times  those  required  to  terminate  an  acute  attack,  nor  will  it  prevent 
the  establishment  of  a  vivax  infection  when  administered  as  a  prophylactic. 
It  is  highly  effective  as  a  suppressive  agent  and  in  the  termination  of  the 
acute  attack,  significantly  lengthening  the  interval  between  treatment  and 
relapse  beyond  that  observed  with  quinacrine  or  quinine.  In  falciparum  ma¬ 
laria  it  has  been  shown  to  suppress  the  acute  attack  and  to  effect  complete 
cure  of  the  infection.  Studies  of  the  antimalarial  activity  of  SN  7,618  against 
well-standardized  strains  of  P.  vivax  and  P.  falciparum  have  shown  it  to  be 
approximately  three  times  that  of  quinacrine.  In  well-tolerated  therapeutic 
doses  a  great  majority  of  patients  will  be  afebrile  within  24  hours  and  the 
remainder  within  48  hours.  Thick  smears  for  parasites  will  generally  be 
negative  at  48  to  72  hours. 

Mean  plasma  levels  in  the  range  of  10  /«,g.  per  liter  have  been  shown  to 
be  effective  in  treating  attacks  of  induced  vivax  malaria.  Initial  oral  doses 
of  as  little  as  100  mg.  followed  by  daily  doses  of  85  mg.  for  4  days  produce 
plasma  levels  above  the  therapeutic  range  and  result  in  termination  of  the 
attack.  The  therapeutic  level  for  terminating  attacks  due  to  P,  falciparum 
are  in  the  range  of  20  jug.  per  liter  and  such  levels  and  clinical  effects  have 
been  produced  with  initial  doses  of  as  little  as  150  to  300  mg.  followed  by 
daily  doses  of  approximately  the  same  amount  for  4  to  6  days.  It  is  evident 
from  these  observations  that  the  antimalarial  activity  of  SN  7,618  is  signifi¬ 
cantly  greater  than  quinacrine  both  on  the  basis  of  oral  dosage  and  plasma 
drug  concentration. 

Clinical  testing 

SN  7,618  has  been  given  to  more  than  1,000  patients  with  acute  attacks 
of  vivax  malaria  of  domestic.  Pacific,  and  Mediterranean  origin.  The  clinical 
testing  of  this  drug  in  vivax  malaria  of  war  origin  was  carried  out  princi¬ 
pally  at  Harmon  and  Moore  General  Hospitals,  designated  as  specialized 
treatment  centers  in  the  United  States  for  the  study  of  tropical  diseases. 
Other  studies  in  the  U.S.  Army  with  SN  7,618  were  carried  out  overseas. 
In  addition,  clinical  and  toxicologic  investigations  were  conducted  at  various 
naval.  Federal,  and  civilian  installations  in  this  country  and  abroad  as  well 
as  by  investigators  of  Allied  Nations. 

The  observations  on  the  use  of  SN  7,618  in  the  treatment  of  vivax  malaria 
reported  from  Moore  General  Hospital,®*  summarized  in  the  following  para¬ 
graphs,  are  representative  of  other  reported  studies. 

M  Most,  H.,  London,  I.  M.,  Kane,  C.  A.,  Ijivietes,  P.  H.,  Schroeder,  E.  P.,  and  Hayman,  J.  M., 
Jr. :  Chloroqulne  for  Treatment  of  Acute  Attacks  of  Vivax  Malaria.  J.A.M.A.  131 :  963-967,  20 
July  1946. 
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STUDY  AT  A  SPECIALTY  CENTER 

Material  and  methods. — The  patients  were  military  personnel  who  had 
acquired  vivax  infections  in  the  Pacific  area  or  MediteiTanean  theater.  All 
phases  of  the  disease,  first  attacks  as  well  as  early  and  late  I’elapses,  were 
represented  by  significant  numbei-s  of  men.  Appro.ximately  50  to  75  patients 
were  included  in  each  of  the  five  treatment  plans. 

All  patients  with  an  acute  clinical  attack  were  admitted  to  two  special- 
study  wards  for  observation  and  therapy  with  SX  7,618.  No  patient  was 
treated  unless  his  blood  smear  was  positive  for  malaria  parasites  and  his 
temperature  over  100°  F.  Cases  were  selected  only  with  respect  to  the  geo¬ 
graphic  origin  and  age  of  the  disease,  to  ensure  adequate  representation  on 
each  treatment  .scliedule. 

.Ml  treatment  was  heptiin  on  the  morning  following  the  onset  of  the  current  attack. 
Para.site  counts  were  done  twiw  «lnily  and  continued  until  negative  for  3  consecutive 
days.  The  plasma  levels  of  SN  7.(518  were  ascertained  frequently  during  and  after  treat¬ 
ment  to  determine  the  pattern  of  accumulation,  stabilization,  and  disappearance  of  the 
drug  from  the  plasma.  Temperatui-es  were  taken  every  4  liours  during  treatment  and 
every  15  minutes  during  a  paroxysm.  The  clinical  response  was  followed  during  daily 
rounds.  All  signs  and  symptoms  possibly  related  to  malaria  or  to  treatment  with  SN 
7.018  were  recorded.  In  addition,  clinical  and  lalmratory  observations  were  directecl 
specifically  to  recognizing  possible  toxic  manifestations.  All  drugs  were  administered  by 
a  medical  officer. 

Following  completion  of  treatment  and  study  on  the  wards,  the  patients 
were  transferred  to  a  convalescent  area  on  the  hospital  grounds  for  observa¬ 
tion  until  relapse  or  for  120  days  from  the  last  day  of  treatment. 

During  this  interval  smears  were  examined  twice  weekly.  In  the  event  of  para¬ 
sitemia  the  temperature  was  recorded  three  times  daily  and  smears  made  every  day.  A 
temperature  rise  of  over  100°  F.  by  mouth  associated  with  a  positive  smear  was  consid¬ 
ered  a  relapse,  and  the  patient  was  readmitted  to  a  ward  for  further  observation  and 
treatment.  Approximately  80  percent  of  the  relnp.sed  cases  were  direct  admissions  from 
the  convalescent  area  following  paroxysms  with  temperatures  of  from  103°  to  1W>°  F. 
The  other  20  percent  were  admitted  as  a  result  of  temperature  observations  made  during 
interval  parasitemia.  Of  the  latter  group  at  least  one-half  developed  paroxysms  shortly 
after  admission  to  the  ward.  No  patient  was  treated  without  coincident  fever  and 
parasitemia. 

Treatment  plans. — Protocols  for  treatment  schedules  were  furnished  by 
the  Office  of  the  Surgeon  General.  Representative  treatment  schedules  which 
have  been  found  most  satisfactory  are  presented  in  table  74.  (Tablets  of 
0.1  gm.  and  0.3  gm.  of  SN  7,618  were  available  and  were  used  singly  or  in 
combination  to  supply  the  proper  individual  dose.) 

Other  treatment  plans  consisting  of  the  administration  of  a  total  of  0.8 
gm.  during  7  days  and  1.5  gm.  during  3  days  were  also  studied. 

50  Xbe  dosage,  wherever  it  appears  in  this  chapter,  is  in  terms  of  base.  This  drug  was  not 
commercially  available  at  the  time  these  studies  were  made,  and  the  tabiets  were  specially  pre- 
pare<l. — H.M. 


CLINICAL  TRIALS  OF  ANTIMALARIAL  DRUGS 


565 


Table  74. — Representadve  treatment  schedules  for  chloroquine 


Schedule 

Hour 

(Kriinis) 

Plan  A: 

1st  day _  _  _ 

8  a.m . . 

0.  4 

12  m - 

0.  3 

5  p.m - 

0.  3 

Total _ _ _ 

1.  0 

Plan  B:‘ 

1st  day.-  _ _  ---  - 

8  a.m _ 

0.  3 

12  in _ _ 

0.  3 

2d  day _ _  _ 

8  a.m _ 

0.  3 

3d  dav _  -  _  -  _  _  _ - _ 

8  a.m _ _ 

0.  3 

4th  day _  _  _ _ 

8  a.m _ 

0.3 

Total.  .  _ _ _ 

1.  5 

Plan  C: 

Ist  day. . . - . - . . 

8  a.m.. . 

0.  4 

12  m . 

0.  2 

5  p.m _ _ _ _ 

0.  2 

2d  day _ _ _  _ 

8  a.m..  . 

0.2 

3d  day _ _ _ _ _  .  . 

8  a.m.  . 

0.2 

4th  day.. . . . 

8  a.m.. _ _ 

0.2 

5th  day _ _ - . - . . 

8  a.m _ 

6th  day _ _ _ _ - _ _ 

8  a.m _ _ -  - 

7th  day . . . . . . 

8  a.m. . . 

Total . 

2.0 

I 


>  This  schedule  advocated  for  routine  use. 

Results. — These  results  are  as  follows: 

1.  Control  of  parasitemia, — ^The  rate  of  disappearance  of  parasites  from 
the  peripheral  blood  during  the  administration  of  SN  7,618  in  comparison 
with  quinine  and  quinacrine  are  shown  in  chart  31.  It  may  be  seen  that  the 
peripheral  blood  becomes  free  of  parasites  more  rapidly  with  SN  7,618  (plans 
A,  B,  and  C)  than  with  either  of  the  other  drugs,  the  difference  being  more 
marked  between  SN  7,618  and  quinine  than  between  SN  7,618  and  quinacrine. 
The  superiority  of  SN  7,618  was  manifest  in  vivax  malaria  of  Mediterranean 
or  Pacific  origin  in  first  attacks  as  well  as  in  relapses  occurring  at  any  stage 
of  the  disease. 

2.  Control  of  fever, — In  a  total  of  244  attacks  treated  with  SN  7,618 
according  to  plans  A,  B,  and  C,  only  5  patients  or  2.1  percent  had  fever  (tem¬ 
perature  of  100°  F.  or  more)  the  day  after  treatment  was  begun  or  subse¬ 
quently.  By  contrast,  treatment  with  quinine  in  184  attacks  and  with  quina¬ 
crine  in  391  attacks  was  associated  with  fever  on  the  second  day  or  later  in 
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Chabt  31. — Comparative  rate  of  disappearance  of  parasites  from  peripheral  blood  during 
treatment  of  vlvax  malaria  with  quinine  (172  attacks),  quinacrine  hydrochloride 
(397  attacks),  and  chloroquine  (293  attacks) 

[Percent  of  patient*  with  negative  smears] 


PCRCCNT 


8.7  and  8.0  percent,  respectively,  of  patients  treated.  The  superiority  of 
SN  7,618  in  this  respect  is  manifest  in  infections  of  both  Mediterranean  and 
Pacific  origin,  regardless  of  the  initial  parasite  density,  and  in  Pacific  infec¬ 
tions  regardless  of  whether  the  attack  is  the  very  first  or  a  relapse  at  any 
stage  of  the  disease.  In  delayed  primary  attacks  the  proportion  of  patients 
who  have  fever  on  the  second  day  after  treatment  with  SN  7,618  is  begun  is 
higher  than  in  patients  treated  in  relapse.  This  is  also  true  even  to  a  greater 
extent  for  delayed  primary  attacks  treated  with  quinine  or  quinacrine,  shown 
in  chart  32. 

3.  Control  of  symptoms, — It  is  difficult  to  evaluate  comparative  effects 
of  quinine,  quinacrine,  and  SN  7,618  in  controlling  symptoms  which  are 
usually  present  for  a  few  days  in  a  treated  attack  of  malaria.  However, 
clinical  impressions  based  on  treatment  of  more  than  1,000  acute  attacks  of 
vh'ox  malaria  and  supported  by  a  more  detailed  statistical  analysis,  indicate 
that  SN  7,618  is  at  least  as  good  as  quinine  or  quinacrine  in  the  control  of 
all  symptoms,  and  is  superior  to  one  or  the  other  in  the  control  of  some 
symi)toms. 

Headache  and  backache  are  relieved  more  rapidly  with  SN  7,618  or  quin¬ 
ine  than  with  quinacrine.  Quinine  is  more  effective  than  quinacrine  in  the 
control  of  generalized  aching,  but  is  not  significantly  better  than  SN  7,618. 
Weakness,  dizziness,  and  lightheadedness  disappear  more  rapidly  with  SN 
7,618  or  quinacrine  than  with  quinine.  Nausea  persists  longer  in  patients 
treated  with  quinine  than  in  those  treated  with  SN  7,618  or  Atabrine.  The 
effect  of  each  of  these  drugs  on  the  duration  of  vomiting,  abdominal  pain,  and 
abdominal  tenderness  is  essentially  the  same. 
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Chart  32. — Conii}arative  efflviem'y  of  quiHtnr,  quinacrim  hydrochloride,  and  chloroquine 
i»  controlling  fever  during  treatment  of  delayed  primary  attacks  of  relapses  of 

Tivaz  mctlaria 

[Percent  of  patients  with  fever  on  second  day  or  later] 

PCaCENT 

40 


30 


20 


10 


4.  Effect  on  interval  to  relapse, — Quinine,  quinacrine,  and  SN  7,618 
do  not  materially  influence  the  ultimate  relapse  rate  following  treatment  of 
the  acute  attack.  Apparently  the  ultimate  relapse  rate  in  large  groups  is  not 
affected  by  the  age  of  the  disease,  the  number  of  previous  attacks,  total  amount 
of  drug,  or  duration  of  treatment.  More  than  500  patients  treated  for  acute 
attacks  of  vivax  malaria  of  Pacific  and  Mediterranean  origin  were  followed 
to  relapse,  or  for  a  minimum  of  120  days.  The  relapse  rates  following  treat¬ 
ment  with  quinine,  quinacrine,  or  SN  7,618  were  from  75  to  85  percent  for 
Pacific  infections  and  approximately  35  percent  for  Mediterranean  infections. 
The  cumulative  relapse  rates  following  treatment  of  acute  attacks  of  vivax 
malaria  of  Pacific  origin  are  shown  in  chart  33.  At  120  days,  85,  80,  and  70 
percent  of  patients  treated  with  quinine,  quinacrine,  and  SN  7,618,  respec¬ 
tively,  had  relapses. 

The  interval  to  relapse,  however,  and  the  distribution  of  the  relapses  that 
occurred  during  the  first  2  months  after  treatment  are  strikingly  different  for 
the  three  drugs.  These  differences  are  presented  in  chart  34. 

During  the  first  month  after  treatment,  54  percent  of  the  patients  treated  with 
quinine  relapsed,  9  percent  relapsed  after  quinacrine,  and  none  relapsed  after  SN  7,618. 
At  40  days,  relapses  following  SN  7,618  begin  to  occur,  but  these  represent  less  than  1 
percent  of  treated  patients,  whereas  67  and  28  percent  relapsed  at  40  days  after  treat¬ 
ment  with  quinine  and  quinacrine,  respectively.  At  50  days,  72,  40,  and  11  i)ercent  of 
the  patients  relapsed  after  quinine,  quinacrine,  and  SN  7,618,  respectively. 

In  terms  of  the  total  number  of  relapses  that  occur  within  120  days,  the  percent¬ 
ages  of  patients  who  relapsed  within  50  days  w-ere  85,  50,  and  16  percent,  respectively, 
for  quinine,  quinacrine,  and  SN  7,618.  Thus,  of  the  total  relapses  that  occur  within  120 
days,  more  than  three-fourths  of  them  will  take  place  in  the  first  50  days  after  quinine. 


OUlNtME  OUlMACSiNe  CHLOROQUINE 
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while  (lut-iiiii:  the  same  time  after  quiaacrine  only  une-hulf,  and  after  SN  7,018  only  one- 
sixth  will  o<‘eur.  The  me<lian  interval  to  relapse  following  treatment  with  quinine  is 
24  days,  with  quinacrine,  .")0  days,  and  with  SN  7,018,  01  days. 

CuABT  33. — Cumulative  rate*  of  nlapsc*  during  a  minimum  of  120  days  folloiciiig  treat¬ 
ment  of  acute  attacks  of  vivax  malaria  icith  guiniiie  (70  patients),  quihaerine 
hydrochloride  (118  patients),  and  chloroquine  (130  patients) 

[Cumulutivf  reluiiKt!  rutt*.  of  {mtieuts  treuted] 


DAYS  FOLLOWINS  COMPkCTiON  OF  TREATMCMT 

Since  none  of  these  drugs  produces  a  complete  cure  of  malaria,  the  drug 
of  choice  on  the  basis  of  interval  to  relapse  is  the  one  that  gives  the  longest 
mean  interval,  the  greatest  median  interval  for  a  large  group  of  patients,  and 
the  smallest  number  of  short-term  relapses.  The  data  presented  show  that 
the  interval  to  relapse  after  treatment  with  SN  7,618  will  be  on  the  average 
at  least  5  weeks  longer  than  after  quinine  and  about  2  weeks  longer  than  after 
quinacrine.  Only  a  negligible  number  of  patients  treated  with  SN  7,618  will 
relapse  during  the  first  50  days  after  treatment.  Accordingly,  SN  7,618  not 
only  controls  symptoms,  fever,  and  parasitemia  promptly  but,  in  addition, 
confers  freedom  from  another  attack  for  a  period  of  approximately  2  months. 

Plasma  levels. — Blood  was  drawn  at  such  times  as  to  determine  the  rate 
of  accumulation,  stabilization,  and  disappearance  of  SN  7,618  from  the  plasma 
during  and  after  treatment  with  various  dosage  regimens.  The  values  ob¬ 
tained  during  and  after  treatment  on  schedules  A,  B,  and  C  are  presented  in 
chart  35. 

The  minimal  plasma  concentration  of  SN  7,618  that  is  effective  in  ter¬ 
minating  an  acute  attack  has  been  shown  to  be  in  the  range  of  10  /ig.  per  liter. 
The  levels  observed  during  and  after  treatment  on  plans  A,  B,  or  C  are  well 
above  this  range. 

No  correlation  has  been  found  between  variations  observed  in  levels  ob¬ 
tained  in  single  individuals  receiving  the  same  amount  of  drug  and  their 
interval  to  relapse  or  to  the  first  parasitemia  after  completion  of  treatment. 
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Chart  34. — ComporiMou  of  distribution  of  relapses  oi-eurrinii  during  the  first  GO  dags  after 
treatment  of  acute  attacks  of  vivas  malaria  of  Pacific  origin  icith  quinine, 
quiniicrinc  hgdrorhloridc,  and  chloroquinc 

[rumiilative  rt'lupsf  rate,  percent  of  pntieuta  treated] 

PERCENT 


Summary. — The  data  presented  in  the  study  on  the  relative  efficiency  of 
quinine,  quinacrine,  and  SX  7,618  are  summarized  and  presented  for  reference 
in  table  75. 


Table  75— Relative  efficiency  of  quinine,  quinacrine  hydrochloride,  and  chloroquine  in  treat¬ 
ment  of  acute  attacks  of  vivax  malaria 


Efficiency  Tactors  , 

1 

1 

Quinine 

Quinacrine 

hydiwliloricie 

Chloroquine 
(SN  7,«18) 

Total  amount  of  drug .  - _ _ 

.grams.. 

28.  35 

2.  8 

'  1.  0,  1.  5,  2.  0 

Duration  of  treatment _ 

- . days 

14 

7 

‘  1,  4.  7 

Rate  of  parasite  clearance . .  .  . 

+ 

+  +  + 

+  +  4-  “t" 

Control  of  fever; 

Delaved  primary  attacks 

+ 

+  + 

+  +  + 

Relapses  * _ -  -  - 

+  + 

+  +  +  + 

Interval  to  relapse; 

1 

Median _ _  .  _  .  - 

.  -  .da vs  . 

24 

50 

61 

Relapses ; 

First  50  days .  _ -  __  -- 

_ percent. . 

85 

50 

16 

Total,  120  days _ _ 

- do _ 

90 

82 

75 

Control  of  symptoms, _ - . 

+  + 

+  +  + 

4*  +  +  + 

Toxicity.. . .  ..  _  . 

«  +  +  + 

»  4- 

•  4- 

'  Plans  A,  B,  and  C.  See  table  74. 

>  Infections  of  Pacific  origin. 

3  Infections  of  Mediterranean  or  of  Pacific  origin. 

*  Cinebonism. 

1  Eczematoid  reactions  in  patients  sensitive  to  quinacrine  hydrochloruie. 

•  Slight,  transitory  pruritus;  rare  erythema  or  urticaria. 
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From  (his  study  it  was  concluded  that  SN  7,618  is  a  highly  effective,  safe 
antiiiuilarial  drug  which  is  superior  to  quinine  and  quinacrine  in  the  tivatinent 
of  acute  attacks  of  t'^'rax  malaria.  Routine  treatment  wtis  recommended  as 
follows: 

One  tablet  (0,3  gm.)  of  SN  7,618  is  administered  when  the  diagnosis  of 
vh'iix  malaria  is  established  by  a  positive  blood  smear.  This  amount  of  drug 
(0.3  gm.)  is  reiJeated  4  hours  after  the  first  dose.  One  tablet  (0.3  gm.)  is  then 
given  on  each  of  the  following  three  mornings.  The  total  dose  is  5  tablets, 
totaling  1.5  gm.  of  SN  7,618  administered  during  4  days. 

Chart  35. — Average  glusina  Icvch  of  chloroquinc  (Hft  patirntu)  during  and  after  treat¬ 
ment  under  plana  .4,  It,  and  C 

MICROOMMS  PEN  UITCN 


days 

1  Total  dose :  1.0  gm. ;  duration  ;  1  day. 

3  Total  dose:  1.5  gm. ;  duration  :  4  days, 
s  Total  dose  :  2.0  gm. ;  duration  :  7  days. 

Note. — In  all  schedules,  the  mean  plasma  levels  during  treatment  are  from  7  to  20  times  above 
the  required  theraiM'utic  level.  Note  also  the  persistence  of  the  drug  long  after  termination  of 
treatment. 


OTHER  STUDIES  OF  y/f^AX  INFECTIONS 

Treatment  plans  with  SN  7,618  in  which  total  doses  of  1.0  gm.  in  1  day. 
0.8  gm.  in  6  days,  2,0  gm.  in  6  days,  and  1.2  gm.  in  3  days  were  studied  at 
Harmon  General  Hospital.  The  results  reported  from  a  tot.al  of  235  attacks 
treated  on  the  above  schedules  were  essentially  the  same  as  those  reported 
from  the  Moore  General  Hospital.  Treatment  of  primary  attacks  of  Pacific 
origin  or  relapses  of  Pacific  or  Mediterranean  vivax  malaria  with  SN  7,618 
resulted  in  prompt  control  of  symptoms.  Parasitemia  and  fever  disappeared 
more  promptly  than  with  quinacrine,  and  the  inteiwal  to  relapse  was  greater 
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lan  with  the  latter  except  in  the  patients  who  had  a  total  of  only  0.8  gm. 
:  SN  7,618  during  6  diiys.  It  was  felt  that  SN  7,618  was  superior  to  other 
itimalarial  agents  previously  studied  at  that  installation  (quinine,  quina- 
■ine,  and  SN  6,911). 

A  single  dose  of  1.0  gin.  SN  7,618  > -as  administered  to  each  of  50  patients 
ith  acute  attacks  of  vivax  malaria  at  a  U.S.  naval  installation.  There  was 
rompt  subsidence  of  fever,  and  parasites  disappeared  in  all  cases  within  36 
xirs.  The  interval  to  relapse  from  this  single-dose  schedule  was  longer 
lan  that  following  the  standard  quinacrine  course.  At  another  naval  instal- 
tion,  more  than  100  patients  were  treated  with  SN  7,618  for  acute  attacks  of 
'vox  malaria  of  Pacific  origin.  The  majority  received  1.0  gm.  within  a 
jriod  of  16  to  24  houi*s.  Control  of  symptoms  and  fever  w’as  more  prompt 
lan  was  observed  m  patients  treated  with  quinacrine,  and  parasites  disap- 
?ared  from  the  blood  in  most  cases  within  48  hours.  Short-tenn  relapses, 
lat  is,  less  than  40  days,  did  not  occur  after  treatment  with  SN  7,618,  in 
mtrast  to  a  significant  number  of  relapses  m  less  than  40  days  after  treat - 
ent  wdth  quinacrine. 

SN  7,618  was  used  clinically  to  terminate  acute  attacks  of  vivax  malaria 
i  various  oversea  areas.  In  India,  26  American  military  patients  with  acute 
vox  infections  were  treated  with  0.9  gm.  during  the  first  24  horn's  followed 
7  a  single  dose  of  0.3  gm.  on  each  of  the  2  successive  days  (total  1.5  gm.  in 
days).  The  average  duration  of  fever  was  24.1  hours  and  parasitemia  1.5 
lys.  In  Peru,  more  than  300  Jiatives  were  treated  for  acute  attacks  of  vivax. 
ilclparum,  and  mixed  malaria  with  relatively  small  doses  of  SN  7,618  (0.75 
n.  on  the  first  day  and  0.25  gm.  on  the  second  day;  total  1.0  gm.  in  2  days). 
1  70  cases  carefully  studied,  blood  smears  were  pt^itive  in  only  17  and  5  at 
t  and  48  hours,  respectively,  after  the  initiation  of  therapy.  The  clinical 
sponse  to  treatment  was  considered  good  in  the  majority  of  patients.  It  was 
)ted  the  falciparum  infections  responded  more  slowly  than  those  due  to 
.  vivax. 

STUDIES  OF  FALCIPARUM  INFECTIONS 

SN  7,618  did  not  have  any  extensive  clinical  trial  in  the  treatment  of 
Iciparum  infections,  particularly  the  fulminating  variety  with  cerebral 
volvement.  Preliminary  studies  in  this  country  with  injections  of  domestic 
rains  of  P.  falciparum  indicated  that  plasma  concentrations  of  20  //g.  of 
mg  per  liter  maintained  for  4  to  6  days  resulted  in  the  control  of  fever  and 
irasitemia  Avithout  recurrence  of  symptoms  or  signs  of  infection  for  14  days 
■  more.  Such  relatively  low  plasma  levels  are  easily  obtained  with  initial 
)ses  of  200  mg.  and  maintained  with  daily  doses  of  100  mg.  In  actual  prac- 
:e,  the  oral  dosage  schedules  of  0.6  to  1.0  gm.  during  the  first  24  hours  fol- 
wed  by  daily  doses  of  0.2  to  0.3  gm.  result  in  plasma  levels  of  5  to  10  times 
at  required  to  terminate  falciparum  acti^fity.  It  is  probable  therefore  that 

7,618  would  prove  effective  in  terminating  most  infections  with  P. 
Iciparum. 
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At  the  20th  General  Hospital  in  the  India-liurma  theater,  10  Chinese 
soldiers  with  acute  falciparum  malaria  were  treated  with  1.5  gm.  of  SN  7,618 
during  3  days.  Clinical  response  was  satisfactory  in  all  patients.  The  aver¬ 
age  duration  of  fever  (102°  to  105°  F.  at  onset)  was  34  hours  after  the  first 
dose  (range  8  to  64  hours),  and  blood  smears  became  negative  within  3  days. 
In  another  report  from  the  same  hospital,  similar  results  were  recorded  in 
eight  American  soldieis  with  acute  falciparum  malaria  treated  with  SN  7,618 
(total  1.5  gm.  during  3  days).  The  average  duration  of  fever  (102.4°  to 
104.8°  F.  at  onset)  was  28.4  hours  after  the  first  dose,  and  blood  smears  were 
free  of  parasites  within  1  to  3  days. 

In  the  Peru  study  of  more  than  300  acute  attacks  of  malaria  (many 
P.  falciparum  or  mixed  'vivax-falciparum)  treated  with  a  total  of  1.0  gm.  of 
SN  7,618  during  2  days,  17  infections  with  P.  falciparum  and  7  mixed  cases 
were  closely  followed ;  the  response  to  treatment  was  considered  rapid  or  good. 
There  were  no  treatment  failures.  Fever  and  parasitemia  were  quickly  con¬ 
trolled.  In  general,  the  rapidity  of  disappearance  of  parasites  and  the  clin¬ 
ical  response  to  treatment  varied  with  the  severity  of  the  infection.  It  should 
l)e  borne  in  mind  that  the  total  duration  of  treatment  and  total  doses  of  drug 
employed  were  no  optimum  and  that  the  satisfactory  response  was  observed 
in  highly  immune  natives  who  are  not  comparable  with  nonimmune  American 
troops. 

Unfortunately,  no  parenteral  SN  7,618  was  available,  and  no  opportunity 
was  afforded  for  comparing  the  relative  efficiency  of  SN  7,618  and  parenteral 
quinine  or  quinacrine  in  the  treatment  of  fulminating  falciparum  infections 
complicated  by  severe  vomiting  or  involvement  of  the  central  nervous  system. 

STUDIES  OF  SUPPRESSION 

The  suppressive  efficacy  of  SN  7,618  and  the  mode  of  its  action  against 
vivax  and  falciparum  infections  were  investigated  in  Australia  in  the  manner 
of  similar  studies  of  quinine,  quinacrine,  and  SN  6,911.®®  New  Guinea  strains 
of  P.  vivax  and  P.  falciparum  were  employed.  The  “build-up”  doses  of 
SN  7,618  were  0.2  gm.  twice  daily  for  4  days.  Subsequently,  the  daily  dosage 
was  0.1  gm.  continued  for  23  days  after  the  last  exposure  to  infective  mosqui¬ 
toes.  None  of  the  volunteers  infected  with  P.  vivax  or  P.  falciparum  devel¬ 
oped  clinical  malaria  or  microscopically  detectable  parasitemia  during  the 
period  of  suppression.  However,  subinoculation  of  200  cc.  of  blood  to  other 
volunteers  9  or  10  days  after  infection  produced  malaria  in  the  recipients. 
This  proved  that  the  test  subjects  were  infected  and  demonstrated  that  the 
action  of  SN  7,618  was  not  prophylactic  and  that  its  suppressive  action  against 
the  parasites  was  exerted  after  their  appearance  in  the  blood.  Following 
discontinuance  of  medication,  all  volunteers  infected  with  P.  vivax  developed 
malaria  within  40  to  60  days,  but  no  falciparum  malaria  developed  during  a 


“  See  footnote  12,  p.  TiCJ). 
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period  of  81  days  in  the  men  infected  with  P.  falcipanun.  SN  7,618  was  thus 
shown  to  be  equally  as  effective  as  quinacrine  or  SN  6,911  in  suppressing  both 
vivax  and  falciparum  infections  and  in  curing  the  latter. 

Anticipating  the  practical  application  of  SN  7,618  as  a  suppressive  agent, 
one  must  consider  the  persistence  of  this  drug  in  the  body  and  the  fact  that 
relatively  low  plasma  levels  (10  /ig.  per  liter)  have  pronounced  antimalarial 
activity.  It  was  shown  that  the  administration  of  0.3  gm.  of  SN  7,618  in 
single  doses  once  a  week  resulted  in  tlie  maintenance  of  mean  levels  above 
10  fig.  per  liter  in  the  majority  of  more  than  50  subjects  who  remained  on  this 
suppressive  schedule  for  4  to  8  weeks. 

Suppressive  schedules  of  single  weekly  doses  of  SN  7,618  were  studied, 
in  this  country,  in  patients  with  recurrent  vivax  malaria  of  Pacific  origin. 
Ninety-four  men  who  previously  were  having  frequent  relapses  were  ])laced 
on  0.3  gm.  weekly  for  approximately  3  months.  During  the  period  of  sup¬ 
pression,  only  one  man  had  a  positive  blood  smear  on  one  occasion.  During 
the  last  10  days  of  suppression,  75  men  w’ere  placed  on  an  extremely  nigged 
test  of  physical  endurance,  consisting  of  daily  hikes  of  5  to  15  miles  over  very 
rough  terrain,  forced  marches,  and  rifle  drill.  In  fhis  period,  six  men  de¬ 
veloped  transient  parasitemia.  No  clinical  attacks  occurred  during  suppres¬ 
sion,  including  the  period  of  exercise.  It  was  calculated  on  the  basis  of  the 
number  of  attacks  these  men  had  had  in  3  months  prior  to  suppression  that  at 
least  75  relapses  should  have  occurred  if  no  suppressive  therapy  had  been 
taken.  It  was  thus  shown  that  SN  7,618  given  once  a  week  was  completely 
effective  in  suppressing  clinical  malaria  in  a  group  with  a  high  index  of  re¬ 
lapse  and  parasitemia  (positive  smears  in  84  percent  in  the  5-week  period 
prior  to  suppression). 

At  Moore  General  Hospital,  more  than  100  patients  who  had  had  an 
attack  of  vivax  malaria  within  the  previous  3  months  were  placed  on  0.3  gm. 
SN  7,618  once  a  week  for  8  to  16  weeks.  More  than  half  of  these  patients 
had  tuberculosis.  During  the  period  of  suppression,  no  parasitemia  and  no 
clinical  malaria  occurred.  The  patients,  especially  those  with  tuberculosis, 
were  reluctant  to  discontinue  their  weekly  dose  of  SN  7,618  because  they  felt 
reassured  that  they  would  not  have  malaria  while  they  were  taking  the  drug. 

In  a  series  of  more  than  200  men  treated  with  1.0  gm.  of  SN  7,618  in  1  day 
for  acute  attacks  of  vivax  malaria  of  Pacific  origin,  the  shortest  interval  to 
relapse  was  33  days.  It  was  therefore  believed  that  successful  suppression 
could  be  accomplished  by  the  administration  of  1.0  gm.  in  1  day  at  monthly 
intervals.  Accordingly,  35  men  recently  treated  for  an  acute  attack  with 
1.0  gm.  of  SN  7,618  in  1  day  were  advised  to  take  1.0  gm.  within  1  day  every 
4  to  6  weeks.  They  were  observed  from  60  to  162  days  while  on  this  schedule 
of  self-medication.  In  this  period,  the  expected  number  of  relapses  was  cal¬ 
culated  to  be  24,  but  only  8  occurred.  It  is  possible  that,  if  medication  had 
been  supervised  and  administered  regidarly  once  a  month  rather  than  at  irreg- 
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ulai’  intervals  up  to  G  weeks,  more  etfective  or  complete  suppression  might 
have  been  produced.  Thus,  SX  7.G18  is  not  only  effective  as  a  sup[)ressive  with 
weekly  doses  of  0.3  gm.  but  it  is  possible  that  sixtisfactory  suppression  may 
result  from  larger  doses  at  greater  intervals. 

Studies  on  suppression  with  SN  7,(518  were  matle  in  various  areas  over¬ 
seas:  In  Peru,  in  more  than  adults  and  children  (natives) ;  in  India,  in 
school  children,  in  coolies,  and  in  colored  troops;  and  in  the  Philippines,  in 
American  soldiers  during,  unfortunately,  a  time  when  there  was  practically 
no  transmission  of  malaria.  Military  deactivation  of  units  prevented  comple¬ 
tion  of  the  last  investigation  as  previously  planned.  In  all  these  studies,  the 
results  were  good,  but  such  obst'rvat ions  in  natives,  or  in  American  troops 
during  periods  of  nontransmission,  offered  no  conclusive  evidence  that  com¬ 
plete  suppression  under  combat  conditions  in  highl}'  malarious  areas  would 
result  from  the  administration  to  troops  of  a  weeklv  tlose  of  0.3  gm.  of 
SN  7,618. 

The  experiments  in  Australia,  the  observations  on  the  control  of  parasi¬ 
temia  overseas,  and  the  suppression  of  relapses  in  this  country  indicate,  how¬ 
ever,  that  SN  7,618  in  weekly  suppressive  doses  should  prove  effective  under 
combat  conditions.  The  apparent  advantage  of  SN  7,618  as  a  suppressive 
agent  lies  in  the  ea.se  of  administering  it  in  the  form  of  one  tablet  once  a  week, 
the  absence  of  the  yellowish  discoloration  of  the  skin  resulting  from  the  pro¬ 
longed  use  of  quinacrine,  and  its  tolerability. 

Toxicity 

Extensive  studies  of  the  acute  and  chronic  toxicity  of  SN  7,618  were 
conducted  in  animals  prior  to  its  clinical  application  in  man.  Observations 
were  made  on  the  tolerability  and  toxicity  of  varying  amounts  of  drug  admin¬ 
istered  to  human  volunteers,  often  for  prolonged  periods.  Finally,  data  col¬ 
lected  on  possible  toxic  signs  or  symptoms  during  the  administration  of  thera¬ 
peutic  or  suppressive  amounts  of  SN  7,618  in  several  thousand  individuals 
furnished  the  background  for  the  following  statement  approved  by  the  Board 
of  Coordination  of  Malarial  Studies: 

There  is  little  difference  In  the  toxicity  of  SN  7,618  and  that  of  quinacrine  in  ex¬ 
perimental  animals.  The  acute  toxicity  of  both  drills  Kiven  orally  is  about  the  same  in 
the  rat  and  monkey.  The  acute  toxicity  of  intravenous  SN  7,618  is  greater  than  that 
of  quinacrine  In  the  dog.  Short-term  chronic  toxicity  tests  in  the  mouse  show  the  two 
drugs  are  about  equally  toxic.  In  such  tests  carried  out  in  the  rat  and  the  monkey  for 
periods  not  exceeding  30  days,  SN  7,618  is  slightly  more  toxic  than  quinacrine.  In 
longer  term  studies  with  the  rat  and  monkey  extending  up  to  l‘J0  days,  the  drugs  are 
about  equally  toxic  or,  if  anything,  SN  7,618  is  slightly  less  toxic  than  quinacrine. 

In  man,  the  symptoms  that  have  lieen  observed  following  doses  of  SN  7,618  ade¬ 
quate  for  treatment  of  the  acute  attack  include  mild  and  transient  headache,  visual 
disturbances,  pruritus,  and  gastrointestinal  complaints.  In  chronic  toxicity  studies  in 
man  using  a  dose  (0.5  gm.  weekly)  in  excess  of  that  necessary  for  adequate  suppression, 
no  serious  symptoms  and  no  impairment  of  health  have  been  observed  in  31  subjects 
over  a  period  of  11  months  of  consecutive  drug  administration.  In  studying  the  record 
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of  2,<5r>r»  individuals  who  have  received  SX  7,618,  eveo’  syniidom  that  has  boon  observed 
has  been  rei'ordtnl  in  an  effort  to  bring  out  even  uiininial  toxic  uianifestations.  In  a 
small  number  of  instances,  usually  with  dosages  higher  than  necessaiy  for  either  treat¬ 
ment  or  suppression,  individual  subje<*ts  have  refused  to  continue  drug  administration 
because  of  unideasant  symptoms;  none  of  these  manifestations  has  been  constitutionally 
serious  and  all  have  been  readily  reversible.  Unlike  guinacrine,  SN  7,618  does  not  dis¬ 
color  the  skin. 

Statements  on  toxicity  in  various  reports  concerned  with  the  therapeutic 
or  suppressive  use  of  SN  7,618  will  be  briefly  cited. 

In  a  treatment  study  in  which  365  patients  with  acute  attacks  of  vivax  malaria 
were  given  total  doses  of  0.8  to  2.0  gm.  of  SN  7,618  during  a  period  of  1  to  7  days,  no 
major  toxic  manifestations  were  encountered  clinically  or  in  numerous  laboratory  in¬ 
vestigations.  It  was  not  necessary  to  interrupt  or  discontinue  treatment  In  a  single  case. 
Occasionally,  there  was  mild  nausea  if  the  drug  was  taken  in  the  fasting  state.  No 
visual  disturbances  were  noted.  Particular  effort  was  made  to  detect  cutaneous  symp¬ 
toms  or  signs  that  might  be  attributed  to  SN  7,618,  and  special  questioning  elicited  in¬ 
formation  that  would  rarely  have  been  volunteered.  Of  the  284  patients  treated  with 
SN  7,618,  56  complained  of  pruritus  during  the  course  of  drug  administration.  The 
pruritus  was  accasionally  generalized  but  more  often  localized,  particularly  to  the  palms 
and  soles,  and  in  the  great  majority  it  was  transitory  and  very  mild.  Of  the  56  patients 
who  developed  pruritus,  50  had  no  coincident  skin  eruptions.  Seven  patients,  or  only 
2.4  percent  of  the  total  number  treated,  developed  erythema,  urticaria,  or  a  mild  papu¬ 
lar  eruption.  No  similar  emphasis  was  placed  on  skin  symptoms  in  patients  treated  with 
quinine  or  qulnacrine  and  it  is  likely  that  the  reported  incidence  in  association  with 
SN  7,618  therapy  is  disproportionately  high.  In  this  study,  the  administration  of  SN 
7,618  to  patients  with  eczematoid  dermatitis  or  the  eczematoid-lichen-planus  complex  due 
to  qulnacrine  did  not  result  in  exacerbation  of  the  underlying  skin  condition  in  any  case. 

In  another  series  of  236  patients  treated  with  similar  total  doses  of  SN  7,618  the 
incidence  of  pruritus  was  7  percent  but  urticaria  or  rash  occurred  only  in  3  cases. 
Visual  disturbances  were  not  encountered.  Gastrointestinal  symptoms  were  negligible. 

Visual  disturbances,  that  is,  blurred  vision  and  difficulty  in  shifting 
fixation  from  near  to  distant  objects,  have  been  described  in  volunteers  on 
daily  doses  of  0.5  gm.  SN  7,618  and  in  patients  treated  for  acute  attacks  of 
vivax  malaria  with  3.2  gm.  These  symptoms  are  undoubtedly  of  importance 
in  evaluating  the  toxicity  of  SN  7,618  since  they  originate  in  the  central 
nervous  system.  It  must  be  pointed  out,  however,  that  symptoms  or  signs 
have  not  occurred  in  almost  1,000  patients  treated  with  total  doses  of  less  than 
2.0  gm.  or  with  suppressive  doses  of  not  more  than  0.3  to  0.5  gm.  per  week. 
The  amounts  of  SN  7,618  reported  to  have  produced  visual  disturbances  are 
in  the  order  of  10  times  that  required  for  adequate  suppression  and  2  to  4 
times  the  required  dose  for  termination  of  an  acute  attack. 

In  the  field  studies  of  suppression  that  have  been  cited,  based  on  several  thousand 
subjects,  no  striking  toxicity  is  noted,  and  the  incidence  of  gastrointestinal  or  other 
symptoms  requiring  the  discontinuance  of  the  drug  is  remarkably  low.  Detailed  investi¬ 
gations  of  the  effects  of  SN  7,618  suppression  on  various  organ  functions  were  carried 
out  at  Randolph  Field,  San  Antonio,  Tex.  Doses  of  0.5  gm.  weekly  and  twice  weekly 


“  See  footnote  58,  p.  563. 
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were  given  for  4  weeks.  No  signitk'Uiit  efTwts  on  physical  tit  ness,  on  p.sycliological  im*i  - 
foruinin'e  at  groiuul  level  and  at  l<S.tXH>  ft'et,  on  vision  (as  indicatHl  hy  sc-otopio  vision, 
visual  tields,  or  near-|H)int  aocoinino<lntiun),  on  auditory  acuity,  on  lieart  (as  indicatiHl 
by  electrocardiograms),  or  on  ability  to  retain  halamv  while  hlindfoldt»<l.  were  ol>.st*rv»Hl. 

Observations  on  the  prolongtHl  aduiinistration  of  SN  T.GIS  were  made  in  conscieii 
tlous  objectors.  Forty  men  given  0.:i  gm.  daily  for  77  tlays  and  then  0.5  gm.  w«H*kly  for 
12  weeks  showinl  no  s4>rioiis  toxic  reactions.  Headache  ami  ditliculty  In  «piickly  tixing 
on  distant  objects  occurred  In  this  group  on  very  large  ilost's.  Visual  sym|)toms  iH*r- 
sisted  in  only  2  nten  of  31  who  remained  on  the  drug  for  0  months.  Bleaching  of  the 
hair  Jtt  the  rm>ts  was  observed  In  live  blonde  subjects  while  they  were  receiving  0.3  gm. 
of  SN  7,018  daily.  The  color  of  the  hair  returned  to  normal  when  the  drug  was  dis¬ 
continued.  One  patient  given  SN  7,018,  0.5  gm.  weekly,  for  8  months  developeil  an  erup¬ 
tion  resembling  lichen  planus  which  persisted  during  the  subsequent  administration  of 
the  drug  and  Iwgan  to  subside  2  weeks  after  Its  discontinuance. 

The  last  observation  is  of  extreme  Importance  in  that  it  suggests  the  possibility 
that  the  prolonginl  a<iministration  of  SN  7,018  in  large  doses  may  result  in  the  derma¬ 
titis  complex  (eczematoid  dermatitis  and/or  lichen  planus)  described  with  quinacrine 
suppression.  In  this  connection  It  is  of  interest  that  of  30  patients  with  atypical  lichen 
planus  who  were  placed  on  suppression  doses  of  SN  7,018  in  the  Indiu-Burma  theater 
(t).;t  gm.  w«H‘kly),  one  sufTeretl  an  actual  llareup  of  the  dermatitis  deserilHHl  as  a  mild 
acut«‘  *H'zematoid  reaction  which  <-ame  on  after  one  dose  and  disappoartHl  within  2  days. 
It  must  Ih‘  rememlHwed  that  patients  with  eczematoid  dermatitis  may  react  to  many 
drugs.  At  Mmtre  (ieneral  Hospital  more  than  50  patients  with  atypical  lichen  planus 
and  a  like  number  with  eczematoid  skin  conditions  were  given  SN  7,018  for  termination 
of  , acute  attacks  of  malaria.  There  was  no  exacerbation  In  the  skin  disease  In  these 
cases,  and  in  a  group  of  patients  with  lichen  planus  who  continmnl  on  suppressive  ther¬ 
apy  of  0.3  gm.  wwkly  up  to  3  months,  no  change  was  noted  in  the  lichenoid  lesions 
»>ther  than  wntinued  regression. 

The  toxic  iiumifestations  of  SN  7,618  may  be  sttmmnrized  briefly.  Little 
to  no  toxicity  was  encountered  with  therapeutic  (1.0  to  ‘2.0  jrm.)  or  suppres¬ 
sive  (0.3  jrin.  weekly)  doses  of  SN  7.618.  Minor  toxic  .symptoms  consisted  of 
occasional  jrasirointestinal  complaints  and  pruritus  in  a  small  numlx'r  of  sub- 
ject.s.  Followiufr  larjre  doses  for  therapy  or  suppression,  visual  disturbances 
occurreil,  ami  in  one  case  atypical  lichen  plamis  develojied  after  suppre.ssive 
medication  for  8  months  (O.,')  }rm.  weekly).  In  {general,  it  wjis  felt  by  most 
observers  that  SN  7,618  in  recommended  iloses  was  a  safe  druj;. 

Summary 

Clinical  experience  with  SN  7,618  proved  this  drug  to  be  a  highly  etfw- 
tive  antimalarial  agent,  superior  to  quinacrine,  quinine,  and  SN  6,011.  It 
excels  quinacrine  and  quinine  in  more  prompt  control  of  fever,  symptoms,  and 
parasitemia,  in  a  shorter  course  of  treatment,  in  a  longer  interval  to  relapse, 
in  the  abolition  of  short-term  ivlapses,  and  in  freedom  from  major  toxic 
reactions.  Given  in  single  weekly  closes,  SN  7,618  is  able  to  provide  etfwtive 
suppression  against  riva^  and  falrlpanim  infections  and  to  cure  the  latter. 
SN  7,618  does  not  discolor  the  .skin.  Unfortunately,  no  assay  of  its  value  iu 
fulminating  faJeiparum  infections  was  possible.  KxjHu-ience  has  shown  SN 
7,618  to  be  a  safe  drug. 
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Oxychloroquine  (SN  8,137)  “ 

General  properties  and  antimalarial  activity 

The  absorption,  degradation,  distribution,  and  antimalarial  properties  of 
SN  8,137  are  essentially  similar  to  SN  7,618  although  it  appears  to  have  less 
antimalarial  activity  in  oral  dosage.  The  greater  persistence  of  SN  7,618  in 
the  body  is  reflected  in  the  smaller  weekly  dose  required  of  this  drug  than 
of  SN  8,137  for  comparable  suppressive  effects.  The  latter  appears  to  be  less 
toxic,  but  this  advantage  may  be  offset  by  the  larger  doses  necessary  for 
equivalent  suppressive  action. 

The  estimated  “critical”  plasma  levels  of  SN  8,137  necessary  for  termi¬ 
nating  clinical  activity  and  parasitemia  due  to  P.  vivax  and  P.  falciparum 
have  been  shown  to  be  approximately  17  and  19  /ig.  per  liter,  respectively. 
In  induced  experimental  malaria,  total  doses  of  0.3  gm.  for  vivax  infections 
and  0.6  gm.  for  falciparum  infections  have  given  the  mean  plasma  levels  in 
the  order  of  25  to  50  /tg.  per  liter  in  the  falciparum  infections  and  17  to  31 
fig.  per  liter  in  the  vivax  infections.  It  is  apparent  therefore  that  relatively 
greater  doses  and  higher  plasma  levels  are  required  for  equivalent  antima¬ 
larial  activity  than  with  SN  7,618.  Single  weekly  doses  of  0.25  gm.  of  SN 
8,137  for  4  weeks  were  found  effective  in  suppressing  vivax  (domestic  strain) 
infections  transmitted  by  mosquitoes,  whereas  weekly  doses  of  0.125  gm.  were 
ineffective. 

No  toxicity  was  reported  in  16  volunteers  who  were  given  SN  8,137  daily 
for  6  weeks.  The  dosage  in  the  sixth  week  was  600  mg.  daily  and  the  total 
dosage  per  man  during  the  entire  period  was  12.2  gm.  or  an  average  of  0.3 
gm,  daily  for  42  days.  Headache,  anorexia,  and  visual  disturbances  occurred 
with  moderate  frequency  in  subjects  receiving  similar  amounts  of  SN  7,618, 
particularly  if  the  plasma  levels  were  above  275  fig.  per  liter. 

Clinical  testing 

SN  8,137  had  only  limited  clinical  application  in  the  treatment  of  ma¬ 
laria  in  the  U.S.  Army.  At  Harmon  General  Hospital,  63  patients  with 
acute  attacks  of  viva^  malaria  were  treated  with  total  doses  of  2.0  gm.  in  3 
days  (1.0  gm.  on  the  first  day  and  0.5  gm.  on  each  of  the  next  2  days).  A 
greater  number  of  patients  treated  with  SN  8,137  had  fever  on  the  second 
day  of  treatment  than  had  groups  treated  with  SN  6,911,  SN  7,618,  or  quina- 
crine.  Parasite  clearance  was  not  as  rapid  during  the  first  24  hours  of  treat¬ 
ment  as  with  quinacrine  or  SN  7,618,  although  more  rapid  than  with  quinine 
or  SN  6,911.  In  the  next  48  hours,  the  parasite  clearance  rate  was  about  the 
same  for  SN  8,137  as  for  the  other  4-aminoquinolines  as  well  as  quinacrine. 
Toxic  symptoms  with  SN  8,137  in  this  study  appeared  more  frequently  than 
with  the  other  synthetic  drugs  used.  There  was  nausea,  vomiting,  anorexia, 

“Formula:  7-Chloro-4-(3-dlethylamlno-2-hydroxypropylanilne)  quinoline  diphosphate. 
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and  abdominal  cramps  in  a  total  of  four  patients,  diarrhea  in  five  patients, 
pruritus  in  four  patients,  urticaria  and  a  rash  in  two  patients,  and  dizziness 
in  four  patients. 

Although  the  patients  were  not  retained  for  determination  of  the  inter¬ 
val  to  relapse,  six  patients  did  relapse  within  31  to  39  days  after  completion 
of  treatment.  It  appears  from  this  small  amount  of  data  that  SN  8,137  is 
inferior  to  SN  7,618  in  its  poorer  control  of  fever,  slower  parasite  clearance, 
shorter  interval  to  relapse,  and  greater  toxicity. 

Summary 

SN  8,137  has  not  been  studied  as  extensively  as  other  4-aminoquinoline 
compounds.  Despite  the  fact  that  it  appears  to  have  considerable  antimala- 
rial  activity,  although  less  than  SN  7,618,  it  is  doubtful  if  it  offers  any 
advantage  over  the  latter.  In  the  treatment  of  acute  attacks,  SN  8,137  proved 
to  be  inferior  and  more  toxic  than  SN  7,618.  As  a  suppressive  agent,  SN 
8,137  may  possibly  have  some  value  because  of  its  apparent  tolerability  in 
relatively  large  doses.  On  the  other  hand,  its  rapid  disappearance  from  the 
body  compared  to  SN  7,618  may  require  doses  of  an  order  to  offset  its  alleged 
tolerability. 

Summary  of  Studies 

As  a  result  of  extensive  clinical  and  pharmacological  studies  with  these 
drugs,  compounds  were  found  that  could  be  substituted,  if  necessary,  for 
quinacrine  without  sacrificing  any  of  the  advantages  of  the  latter  in  the 
treatment  or  suppression  of  malaria.  In  addition,  one  of  the  derivatives  of 
this  group  of  drugs  (SN  7,618  or  chloroquine)  proved  superior  to  quinacrine 
and  other  drugs  both  for  treatment  and  suppression.  The  4-aminoquinolines 
were  found  to  cure  jaXd'parum  infections  and  to  be  effective  as  suppressive 
agents  in  single  weekly  doses.  They  do  not  discolor  the  skin  and  may  be 
taken  for  prolonged  periods  without  apparent  severe  toxicity.  The  relapse 
rate  in  vivax  infections  is  not  materially  influenced  by  treatment  with  these 
drugs,  although  with  SN  7,618  there  is  a  significant  prolongation  of  the  in- 
ten^al  to  relapse  and  a  reduction  in  the  number  of  short-interval  relapses 
after  treatment.  Treatment  schedules  of  1  to  4  days  are  practical  in  acute 
attacks  of  vivax  malaria.  Extensive  field  studies  of  falciparum  infections 
were  not  carried  out,  and  this  phase  of  the  treatment  of  malaria  requires 
further  investigation.  The  occurrence  of  atypical  lichen  planus  during  the 
prolonged  administration  of  SN  7,618  suggests  the  possibility  of  the  signifi¬ 
cant  development  of  this  syndrome  if  chloroquine  were  to  be  used  as  widely 
as  quinacrine.  The  careful  and  complete  clinical  and  pharmacological  studies 
carried  out  with  these  drugs  have  added  much  to  knowledge  of  the  chemo¬ 
therapy  of  malaria. 
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8.AMIN0QUIN0LINE  COMPOUNDS 
Pamaquine  (Plasmochin  Naphthoate)®'* 

Historical  review 

The  first  promising  synthetic  antimalarial  drug  was  introduced  in  Ger¬ 
many  in  1924,  by  Schulemann  and  his  coworkei's  at  I^verkusen.  The  schizon- 
ticidal  and  garaetocidal  properties  of  Plasmochin  in  experimental  hosts  and 
in  man  were  such  as  to  represent  a  major  advance  in  the  chemotherapy  of 
malaria.  It  was  hoped  that  as  a  result  of  continued  chemical  and  pharma¬ 
cological  investigations  a  less  toxic  and  more  curative  compound  would  be 
found.  Actually,  as  will  be  demonstrated  in  this  section,  Plasmochin  if  prop¬ 
erly  used  produces  definitive  cure  in  infections  with  strains  of  P.  vwax  that 
have  a  high  index  of  repeated  relapse  after  all  other  forms  of  treatment. 
The  drug- testing  program  in  Germany  continued  during  World  War  II  and 
resulted  in  the  synthesis  and  testing  of  more  than  200  of  these  8-aminoquino- 
line  compounds.  In  the  United  States,  similar  activity  was  directed  in  a 
search  for  an  8-aminoquinoline  drug  that  would  be  superior  to  Plasmochin, 
be  less  toxic,  and  might  be  a  true  causal  prophylactic  or  curative  agent  in 
the  prevention,  suppression,  and  treatment  of  malaria.  As  a  result  of  these 
studies,  a  reevaluation  of  Plasmochin  led  to  its  rational  and  successful  use  in 
curing  relapsing  vhax  infections  and  to  the  discovery  of  several  compounds 
that  ai-e  considered  less  toxic  and  in  other  respects  superior  to  Plasmochin. 
Certain  prewar  studies  on  the  clinical  application  of  Plasmochin,  reviewed  at 
Moore  General  Hospital,®^  will  be  described  briefly.  In  addition,  clinical 
studies  made  during  the  war  that  led  to  the  successful  use  of  Plasmochin  as 
a  curative  agent  will  be  discussed. 

Acute  attacks  of  malaria  are  more  effectively  and  safely  terminated  by 
the  use  of  quinine,  quinacrine,  or  the  more  recently  introduced  4-amino- 
quinoline  compounds  than  by  Plasmochin  alone.  In  recent  years,  Plasmochin 
has  been  used  almost  entirely  as  an  adjunct  to  other  antimalarial  therapy 
because  of  its  ability  to  eradicate  gametocytes  of  P.  falciparum  with  small 
amounts  of  the  drug  in  a  matter  of  a  few  days.  This  practice  is  of  question¬ 
able  value  as  a  control  measure  in  areas  where  malaria  is  endemic.  There 
is  evidence,  however,  that  simultaneous  administration  of  Plasmochin  and 
quinine  daily  for  2  weeks  or  more  is  highly  effective  in  reducing  relapse  rates 
in  vi/vax  malaria  during  an  observation  period  of  2  to  6  months.  This  is  in 
sharp  contrast  to  curative  failure  or  high  relapse  rates  in  malaria  caused  by 
Pacific  strains  of  P.  vivax  after  treatment  with  quinine,  quinacrine,  or 
4-aminoquinoline  compounds. 

ssFormala  (pamaquine  napbthoate)  ;  methrlene-bi8-/}-h)rdroxynaphthoate  of  6-methozy-8-(l- 
metbyl-4-dletbylamino)  butylamlnoquinollne. 

**  Moat,  H.,  Kane,  C.  A.,  Lavietea,  P.  H.,  London,  I.  M.,  Scbroeder,  E.  F.,  and  Hayman,  J.  M., 
Jr. :  Combined  Quinine-Plaamocbin  Treatment  of  Vlvax  Malaria ;  Effect  on  Relapae  Rate.  Am.  J.M. 
Sc.  212 :  530-560,  November  1946. 
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Prewar  studies. — Sinton  and  in  1028,  i-eporteil  from  India  on 

86  patients  given  Plasmochin  alone  or  Plasmcw  hin  and  quinine  together  for 
an  attack  of  vlvax  malaria  and  ol)served  for  2  to  4  months  after  treatment. 
Occasionally,  patients  failed  to  complete  tiTatment  l)ecause  of  toxic  reactions 
or  disappearance  from  observation.  The  percentage  of  relapses  was  calcu¬ 
lated  on  this  basis.  Twenty -nine  patients  were  given  0.08  gm.  of  Plasmochin 
(probably  I’lasmochin  naphthoate)  on  17  treatment  days  during  a  jieriotl  of 
39  days  as  suggested  by  the  German  manufacturers  of  the  drug.  The  relapse 
rate  during  the  period  of  observation  was  36  jx‘rcent.  Twenty-two  patients 
were  given  0.08  gm.  on  as  many  consecutive  days  as  |H)ssible  for  28  treat¬ 
ment  days  with  interruptions  only  for  toxic  manifestations,  the  average 
treatment  period  being  36  days  with  a  range  from  28  to  53  da3'S.  The  relapse 
rate  in  this  group  was  23  percent.  Fifteen  patients  were  given  0.10  gm. 
Plasmochin  plus  1.25  gm.  quinine  sulfate  on  IT  treatment  daAS  during  a 
39-da3’  course  of  treatment.  The  relapse*  rate  during  2  to  4  months  was  20 
percent.  Finally,  a  group  of  20  patients  received  these  same  daily  amounts 
of  l)oth  drugs  for  28  daj-s  as  continuously’  as  j>ossil)le  during  an  average 
treatment  |K‘riod  of  37  days.  None  relapsed  during  the  period  of  observation. 
Tlie  relapse  rate  for  the  51  patients  who  received  Plasmochin  alone  was  30 
percent  and  for  the  35  patients  who  received  Plasmochin  and  quinine  to¬ 
gether,  8.5  percent.  Thu.s,  of  the  total  number  of  86  patients  who  received 
Plasmochin  for  17  to  28  days,  the  relapse  rate  as  given  by  the  authors  wa.s 
21  [tercent.  This  iiercentage  includes  6  patients  who  were  lost  to  followup 
studies  or  who  did  not  complete  the  full  course  of  treatment  and  were 
counted  as  failures;  the  failure  rate  actually  observed  in  80  men  during  a 
period  of  2  to  4  months  after  treatment  was  16  percent.  In  contrast  to  this 
finding,  the  relapse  rate  for  111  men  treated  with  quinine  alone  and  similarly 
observed  was  77  percent.  There  is  little  question  that  in  this  study  combined 
quinine-Plasmochin  treatment  very  substantially  reduced  the  incidence  of 
relapse  during  2  to  4  months  after  treatment. 

In  1930,  Sinton  and  his  coworkers*®  reported  two  additional  groups  of 
patients  on  combined  quinine-Plasmochin  treatment  for  acute  attacks  of 
vivax  malaria.  Seventeen  were  given,  daily,  Plasmochin,  0.06  gm.,  and  qui¬ 
nine  sulfate,  1.25  gm.,  from  4  to  21  days.  None  of  them  had  a  clinical  or 
parasitemic  relapse  during  2  months  after  treatment,  when  the  experiment 
was  terminated.  An  additional  44  patients  received  Plasmochin,  0.04  gm., 
and  quinine,  1.25  gm.,  dailv  for  21  days.  Three  patients  relapsed,  making  a 
total  failure  rate  of  6  percent  for  ,54  men  who  had  Plasmochin  for  14  or 
more  days  in  contrast  to  a  relapse  rate  of  42  percent  for  38  patients  who 
were  treated  with  quinine  alone. 

^  Sinton,  J.  A.,  and  Bird.  W. :  Studies  in  Malaria,  With  Special  Reference  to  Treatment. 
Part  IX.  Plaamoquine  in  the  Treatment  of  Malaria.  Indian  J.M.  Rea.  16 :  159-177,  July  1928. 

w  Sinton,  J.  A.,  Smith,  S.,  and  Pottinger,  D. :  Studies  in  Malaria,  With  Special  Reference  to 
Treatment.  Part  XII.  Further  Researches  into  the  Treatment  of  Chronic  Benign  Tertian  Malaria 
With  Plaamo<|Uine  and  Quinine.  Indian  J.M.  Res.  17 :  793-814,  January  1930. 
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In  1932,  Jarvis  reported  8.0  percent  relapses  during  a  2  to  4  months’ 
period  of  observation  of  75  patients  who  received  Plasmochin,  0.03  gm.,  and 
quinine,  1.3  gm.,  daily  for  21  days.  Manifold  reported  a  study  of  some 
3,000  Indian  and  British  troops  treated  for  acute  attacks  of  vivax  malaria 
with  Plasmochin,  0.04  gm.,  and  quinine,  1.3  gm.,  <laily  for  21  consecutive 
dayt.  Of  these,  98  percent  were  able  to  complete  the  full  course  of  treat¬ 
ment.  Analysis  of  readmission  records  for  5  months  after  treatment  showed 
the  relapse  rate  for  the  whole  group  was  5.2  percent  in  contrast  to  a  wide 
experience  of  rates  from  42  to  77  percent  after  treatment  with  quinine  alone. 
Wartime  studies. — In  1945,  Kelleher  and  Thompson®®  reported  obser- 
s  made  during  the  war  on  the  effects  of  combined  quinine-Plasmochin 
iient  of  vivax  malaria  of  Mediterranean  origin.  Of  100  patients  with 
ed  primary  attacks  treated  with  4.6  gm.  of  quinacrine  during  12  days, 
icrcent  relapsed  during  an  observation  period  of  5  months.  Of  76  patients 
witli  delayed  primary  attacks  treated  for  10  days  with  Plasmochin  base, 
0.03  gm.,  and  quinine  2.0  gm.,  daily,  only  14,  or  18  percent,  relapsed.  The 
relapse  rate  for  650  men  treated  with  quinacrine  as  above  for  later  relapses 
and  followed  for  5  months  was  34  percent,  whereas  the  relapse  rate  for  584 
men  treated  for  later  attacks  with  combined  quinine-Plasmochin  was  10  per¬ 
cent.  In  American  experience,  the  relapse  rate  in  120  days  for  Mediterranean 
vivax  malaria  (150  patients)  treated  with  quinacrine  or  quinine  was  32  per¬ 
cent.  There  can  be  no  question  about  the  significance  of  the  reduced  relapse 
rate  in  this  British  report. 

Thus  far,  references  have  been  cited  which  indicated  that  combined 
quinine-Plasmochin  given  for  at  least  10  days,  the  amounts  of  Plasmochin 
base  being  at  least  0.03  gm.  a  day,  is  highly  effective  in  reducing  the  relapse 
incidence  of  viva^  malaria  during  an  observation  period  of  2  to  5  months. 
Small  amounts  of  Plasmochin  or  short-term  schedules  are  definitely  of  no 
value  in  vivax  malaria  of  Pacific  origin,  and  experiences  with  such  schedules 
are  generally  unconvincing.  Dieuaide,’®  in  reviewing  relapses  following  vari¬ 
ous  schedules  of  treatment  in  the  Pacific  area,  cites  83  percent  within  16 
weeks  for  185  men  who  had  had  two  courses  of  quinacrine  hydrochloride  for 
acute  attacks  of  viva^  malaria  and  78  percent  for  136  patients  who  had  had 
two  consecutive  courses  of  treatment  consisting  of  quinacrine  (0.1  gm.  three 
times  daily  for  7  days),  followed  by  Plasmochin  naphthoate  (0.02  gm.  three 
times  daily  for  5  days),  after  which  both  were  repeated.  Thus,  Plasmochin 
for  5  days  and  repeated  a  week  later  was  not  effective  in  reducing  the  relapse 
rate  as  compared  with  quinine  or  various  schedules  of  quinacrine  mentioned 


^  Jarris,  O.  D. :  Further  Researches  into  the  Treatment  of  Chronic  Benign  Tertian  Malaria 
With  Plasmoquine  and  Quinine.  Indian  J.M.  Res.  20 ;  627-631,  October  1932. 

68  Manifold,  J.  A. :  Report  on  a  Trial  of  Plasmoquine  and  Quinine  in  the  Treatment  of  Benign 
Tertian  Malaria.  J.  Roy.  Army  M.  Corps  56 :  321,  May ;  410,  June  1931. 

60  Kelleher,  M.  F.  H.,  and  Thompson,  K. :  Treatment  of  Malaria.  Lancet  2 :  217,  18  Aug.  1945. 
™  Dleuaide,  R. :  Clinical  Malaria  in  Wartime.  War  Med.  7 :  7-11,  January  1945. 
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by  Du'uaide.  In  the  UuUetin  of  the  VjS.  Army  Medical  De}>artmen.t,^^  relapse 
rates  are  compared  for  various  jjroups  of  patients  treated  in  tliis  country  for 
acute  attacks  of  I'tvajc  malaria  of  Pacific  origin  and  followed  for  at  least  90 
days  afterwaril.  Of  these,  170  patients  were  •riven  quinacrine  or  totaquino 
alone,  and  57  percent  relapsed;  299  patients  received  0.01  jrm.  Plasmochin 
base  three  times  daily  for  II  days  after  quinacrine  or  totaquine  and  quina¬ 
crine,  and  the  combined  relapse  rate  in  all  these  Plasmochin  groups  was  56 
percent.  Here,  again,  is  go<Hl  evidence  that  Plasmochin  for  3  days  after 
other  antimalarial  therapy  is  not  elfective  in  influencing  the  relapse  rate  of 
Pacific  vivax  malaria.  On  the  other  hand,  Gentzkow  and  Gallender,'-  in 
1938,  reported  from  Panama  that  this  amount  of  Plasmochin  (0.01  gm.  three 
times  a  day  for  3  days)  in  addition  to  2.4  gm.  of  quinacrine,  during  4  days, 
given  to  128  patients  resulted  in  a  relapst'  rate  of  9.4  percent  in  6  months 
compared  to  45.6  percent  in  2I.*»  patients  who  received  quinacrine.  alone.  This 
report  is  based  on  analysis  of  patient  malaria  registers.  From  India,  Bird” 
reported  30.9  percent  relapses  in  152  patients  treated  with  Plasmochin,  0.01 
gm.  three  times  a  day  for  5  <lays,  following  5  to  7  days  of  (piinacrine,  and  a 
rela]>se  rate  of  46.3  percent  for  201  patients  who  received  the  same  amount 
of  Plasmochin  after  7  days  of  quinine. 

Summary. — The  evidence  that  has  been  cited  indicates  quite  definitely 
that  simultaneous  (piinine-Plasmochin  treatment  for  14  days  or  more  of  vivax 
malaria  of  Indian  or  Mediterranean  origin  resulted  in  a  very  significant  re¬ 
duction  in  relapse  rates  during  periods  of  observation  of  from  2  to  6  months 
and  that  Plasmochin  for  3  to  5  days  after  quinine,  totaquine,  or  Atabrine  is 
of  no  benefit  in  reducing  relapses  in  vivax  malaria  of  Pacific  origin.  In  this 
connection,  it  should  be  borne  in  mind  that  the  majority  of  relapses  occur 
witliin  a  month  after  quinine  or  totaquine  treatment  and  within  3  months 
after  quinacrine  or  the  I-aminotpiinoline  drugs.  Short-term  courses  of  Plas¬ 
mochin  (3  to  5  days)  are  of  doubtful  value  in  reducing  relapse  rates  in  vivax 
malaria  of  Indian  origin,  and  the  reported  beneficial  effect  of  3  days  of  Plas¬ 
mochin  after  quinacrine  in  reducing  relapses  in  vivax  malaria  of  Panamanian 
origin  remains  unconfirmed. 

Study  at  a  specialty  center 

The  following  report  from  Moore  General  Hospital,  a  specialty  center 
for  tropical  diseases,  deals  with  the  effect  on  subsequent  relapse  of  simultane¬ 
ous  combined  quinine-Plasmochin  treatment  for  14  days  in  vivax  malaria  of 
Pacific  origin,  which  had  not  previously  been  studied. 


■*  Treatment  of  RelnpHes  of  Vlvnx  Malaria.  Bull.  U.S.  Army  M.  Dept.  No.  89,  pp.  21-22,  June 
194.’i. 

Gentzkow,  C.  .T.,  and  Callender,  G.  R. ;  Malaria  in  the  Panama  Canal  Department,  United 
StatOM  Army.  II.  Reaulta  of  Treatment  With  Quinine,  Atabrine,  and  Plaamnchln.  Am.  J.  Hyg.  28: 
174-189,  September  1938. 

Bird.  W. :  Atebrin  and  Plaamoquiiie  in  Treatment  of  Benign  Tertian  Malaria.  J.  Mai.  Insit. 
India  5 :  395,  1944. 
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Material  and  methods. — The  protocol  described  here  was  furnished  by 
the  Office  of  the  Surgeon  General.  Seventy-two  white  patients  with  acute 
attacks  of  vivax  malaria  of  Pacific  origin  having  fever  and  positive  smears 
were  admitted  to  a  special  treatment  and  study  ward.  No  attempt  at  selection 
of  patients  was  made.  All  drugs  were  administered  by  a  medical  officer.  On 
the  first  day,  quinine  sulfate,  1.0  gm.,  and  Plasmochin  naphthoate,  0.02  gm. 
(0.01  gm.  base),  were  given  together  at  8-hour  intervals.  On  days  2  to  14 
inclusive,  quinine  sulfate,  0.65  gm.,  and  Plasmochin  naphthoate,  0.02  gm., 
were  given  together  at  8-hour  intervals.  The  total  amount  administered  dur¬ 
ing  the  treatment  period  of  14  days  was  28.35  gm.  of  quinine  sulfate  and  0.84 
gm.  of  Plasmochin  naphthoate.  A  control  group  of  75  patients  with  acute 
attacks  of  vivax  malaria  of  Pacific  origin  were  treated  with  a  total  of  28.35 
gm.  of  quinine  alone  on  the  same  schedule.  Temperatures  were  recorded 
every  4  hours.  Parasite  counts  were  done  twice  daily  until  negative  for  3 
consecutive  days.  Hemoglobin,  methemoglobin,  and  total  white  blood  count 
determinations  were  made  daily.  (Hemoglobin  and  methemoglobin  were 
determined  colorimetrically  as  cyamethemoglobin.)  Each  patient  was  ex¬ 
amined  at  least  once  daily  by  a  medical  officer,  and  special  attention  was  paid 
to  possible  manifestations  of  Plasmochin  toxicity.  On  the  day  after  comple¬ 
tion  of  treatment  on  the  ward,  the  patients  were  transferred  to  a  convalescent 
area  for  further  observation.  The  duration  of  observation  was  until  relapse 
or  for  a  minimum  of  120  days.  During  this  interval,  smears  were  examined 
twice  weekly.  In  the  event  of  parasitemia,  temperature  observations  were 
made  every  4  hours  and  parasite  counts  were  done  daily.  A  temperature  of 
100°  F.  or  more  by  mouth  in  association  with  a  positive  smear  was  considered 
a  clinical  relapse. 

Results. — The  cumulative  clinical  relapse  rates  during  120  days’  obser¬ 
vation  after  treatment  of  acute  attacks  with  quinine,  quinacrine,  and  com¬ 
bined  quinine-Plasmochin  are  shown  in  chart  36.  The  total  failures  after 
treatment  are  summarized  in  table  76. 

1.  Quinine. — Seventy-five  patients  with  acute  attacks  of  vivax  malaria  of 
Pacific  origin  were  treated  with  28.35  gm.  of  quinine  sulfate  during  14  days. 
Sixty-two  patients  or  82.6  percent  had  a  clinical  relapse  within  120  days. 
Five  patients  who  did  not  relapse  had,  at  one  time  or  another  during  their 
period  of  observation,  a  positive  smear  without  fever  or  symptoms.  Thus, 
quinine  failed  to  eradicate  the  infection  in  67  or  89.3  percent  of  patients 
treated  and  observed  for  120  days. 

2.  Quinacrine  hydrochloride  (Atabrine). — Sixty-nine  patients  with 
acute  attacks  of  vivax  malaria  of  Pacific  origin  were  treated  with  2.8  gm.  of 
quinacrine  during  7  days.  Fifty-six  patients  or  81.2  percent  had  clinical 
relapses  within  120  days  after  completion  of  treatment.  An  additional  two 
patients  who  did  not  relapse  had,  at  one  time  or  another  during  their  period 
of  observation,  }K)sitive  smears  without  fever  or  symptoms.  Thus,  within 
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Chart  3G. — Relup«e  rates  and  intervals  to  relapse  after  treatment  of  neute  attacks  of 
vivax  malaria  of  Pacific  origin  with  various  drugs 

[Cumulative  relapse  rate,  percent  of  patients  treated] 

PCacENT 


120  days  following  quinacrine,  84.1  percent  of  treated  patients  exhibited  evi¬ 
dence  that  they  were  not  cured  of  the  infection. 

3.  Chloroquine  diphosphate  (SN  7fil8). — Eighty-two  patients  with 
acute  attacks  of  Pacific  vivajc  malaria  were  treated  with  1.5  to  2.0  gm.  of 
SN  7,618  from  4  to  7  days.  Sixty-two  or  75.6  percent  had  a  clinical  relapse 
within  120  days  after  completion  of  treatment.  Four  additional  patients 
developed  asymptomatic  parasitemia  without  clinical  relapse  during  the  120- 


Table  76. — Results  of  treatment  in  four  groups  of  patients  administered  antimalarial  drugs 
for  acute  attacks  of  vivax  malaria  Pacific  origin 


Drug 

Num¬ 
ber  of 
patients 

Dosage 

(grams) 

Dura¬ 
tion  of 
treat¬ 
ment 
(♦lays) 

Aver¬ 

age 

numlier 
of  pie- 
vioms 
relapse.s 

Average 

prior 

activity 

(months) 

Clinical 
relapses ' 

I  Parasitemic 
relapses* 

j  Total  failures  * 

Num¬ 

ber 

Per- 

ivnt 

Num- 

lier 

Per-  j 
cent  1 

Num- 

l)er 

Per¬ 

cent 

Quinine . 

75 

28.35 

14 

! 

9.1 

62 

82.6 

5 

87 

67 

89.3 

Quinacrine . 

W 

2.8 

7 

7.8 

56 

81.2 

2 

‘2.9 

58 

84.1 

Chloroquine . 

82 

1. 5-2.0 

4-7 

5.1 

10.7 

62 

i  75.6 

4 

4.9 

66 

80.5 

Quinine . 

1  72 

1  2835 

1  « 

}  82 

10.6 

3 

1 

4.2 

5 

6.9 

8  i 

11.1 

Plasmochin . 

1 

1  0.840 

1  1 

1 

1 

1 

i 

i 

•  Clinical  recurrence  with  fever,  symptoms,  and  positive  blood  smear,  observed  within  120  days  after  treatment. 

>  Positive  smear  only,  without  fever  or  symptoms  and  not  followed  by  clinical  relapse  during  120  days'  observation 
after  treatment. 

t  Clinical  relapses  plus  parasitemic  relapses  during  120  days  after  treatment. 
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day  period  of  observation.  In  other  words,  a  total  of  66  patients  or  80.5 
percent  of  the  whole  number  treated  represent  treatment  failures  in  that  they 
suffered  clinical  or  parasitemic  relapses  while  under  observation  after  ti*eat- 
ment  with  SN  7,618. 

4.  Combined  quinine-Plasmochin. — Seventy-two  white  patients  with 
acute  attacks  of  vlvax  malaria  of  Pacific  origin  were  treated  with  Plasmochin 
and  quinine  as  de.scril)ed  under  “Material  and  Methods.”  Three  clinical  re¬ 
lapses  occurred  within  120  days  after  completion  of  treatment,  a  clinical 
relapse  rate  of  4.2  percent.  I'ice  additional  patients  showed  parasitemia  but 
had  neither  fever  nor  symptoms  during  the  observation  period.  Thus,  of  72 
Pacific  infections  treated,  there  were  altogether  only  o  failures,  making  a  total 
failure  rate  of  11.1  percent  for  the  120  days. 

Toxicity 

Clinical  experience. — Numerous  references  can  be  found  in  the  li!  'rature 
dealing  with  toxic  manifestations  of  Plasmochin  of  varying  type  and  severity. 
Most  frequently  reported  are  gastrointestinal  complaints,  that  is,  mild  to 
severe  epigastric  pain  or  soreness,  anorexia,  abdominal  cramps,  nausea,  vomit¬ 
ing,  and  diarrhea;  cyanosis;  dyspnea  and  changes  in  pulse,  in  blood  pressure 
and  in  electrocardiograms;  changes  in  the  blood  vaiying  from  mild  anemia 
to  severe  or  fatal  hemolytic  crisis  or  agranulocytosis;  vague  muscular  aches 
and  pains  and  weakness;  and  symptoms  referable  to  the  central  nervous 
system,  principally  headache,  dizziness,  “nervousness,”  psychosis,  and  coma. 
The  incidence  of  severe  toxic  reactions  varies  from  1  to  10  percent  in  different 
series  reported.  The  hemolytic  reaction  is  the  most  serious  manifestation  of 
Plasmochin  intoxication  and  may  vary  from  mild  progressive  anemia  to  a 
sudden  fatal  hemolytic  crisis  associated  with  shock,  severe  anemia,  jaundice, 
hemoglobinuria,  and  azotemia.  This  reaction  may  come  on  early  after  rela¬ 
tively  small  amounts  of  drug  but  also  may  occur  at  any  time  during  the 
administration  of  Plasmochin.  Weakness  and  dark  urine  are  the  most  com¬ 
mon  symptoms  at  onset.  During  the  acute  episode  the  erj’^throcyte  sedimen¬ 
tation  rate  accelerates;  the  white  blood  cell  count  and  hemoglobin  diminish. 
Race,  diet,  climate,  and  the  prior  administration  of  other  drugs  have  all  been 
suggested  as  factors  that  may  he  responsible  for  initiating  a  hemolytic  reac¬ 
tion.  Evidence  will  be  reviewed  regarding  the  possible  relation  of  race  to 
predisposition.  The  degree  of  methemoglobinemia  in  many  individuals  is 
probably  related  to  the  dose  of  drug.  Gastrointestinal  symptoms  are  most 
common  during  the  fourth  and  fifth  days  of  therapy  and  X-ray  studies  dur¬ 
ing  this  time  have  revealed  gastric  hyperperistalsis  and  intestinal  spasm. 
There  follows  a  brief  summary  of  the  incidence  of  toxic  experiences  reported 
in  relatively  large  groups. 

Manifold,  in  a  1931  report  dealing  with  the  results  of  treatment  of 
vivax  malaria  in  India  with  quinine,  1.25  gm.,  and  Plasmochin,  0.04  gm., 


’‘See  footnote  68,  p.  581. 
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given  together  daily  for  21  days,  noted  toxic  symptoms  or  signs  occurring 
in  21  percent  of  1.298  British  soldiers  and  in  10  percent  of  1,915  Indians 
treated.  Epigastric  pain  or  other  gastrointestinal  symptoms  were  complaints 
in  15  percent  of  the  British  and  in  8  percent  of  the  Indian  patients.  Cyanosis 
was  observed  in  4  percent  of  the  British  cases  but  was  not  accurately  deter¬ 
mined  in  the  Indians  because  of  the  color  of  their  skin.  Jaundice  was  ob¬ 
served  in  only  three  patients,  and  in  one  of  these,  an  Indian,  death  followed 
as  a  result  of  a  severe  hemolytic  reaction.  In  Manifold’s  opinion,  the  majority 
of  the  symptoms  were  mild.  He  also  emphasized  that,  of  480  British  patients 
personally  treated,  the  full  course  of  21  days  of  Plasmochin  was  completed 
without  interruption  by  all  but  2  patients.  He  further  stated  that  98  to  99 
percent  of  the  patients  in  the  entire  series  of  more  than  3,000  cases  completed 
a  full  course  of  treatment. 

West  and  Henderson,’®  in  1944,  reported  an  incidence  of  2.85  percent 
Plasmochin  toxicity  in  846  patients  treated  for  falciparum  infections  in 
Africa  with  quinine,  2.0  gm.  daily  for  3  days,  quinacrine,  0.3  gm.  daily  for 
5  days,  no  treatment  for  2  days,  then  Plasmochin  base,  0.03  gm.  daily  for  5 
days.  Twenty-two  of  the  twenty-four  patients  with  toxic  signs  had  primary 
falciparum  infections,  and  the  other  two  had  had  malaria  and  had  been 
treated  with  Plasmochin  previously.  Four  patients  were  hospitalized  after 
being  given  0.66  gm.  of  Plasmochin  base,  and  the  mean  total  toxic  dose  was 
0.119  gm.  Jaundice  was  the  most  common  finding  and  was  observed  in  20 
patients,  the  mean  icteric  index  being  27,6.  Twenty  patients  had  abdominal 
pain.  Headache,  weakness,  and  dizziness  occurred  in  16,  14,  and  11  patients, 
respectively.  Two  patients  were  psychotic  and  one  in  coma.  There  was 
anemia  in  19  patients,  and  in  1  the  red  cell  count  was  1.4  million  per  cubic 
millimeter,  the  average  being  2.88  million  per  cubic  millimeter.  The  white 
cell  counts  varied  from  4,5  to  20.8  and  averaged  10.2  <^housand  per  cubic 
millimeter.  All  patients  except  one  were  ambulatory  during  the  period  of 
Plasmochin  therapy.  Unfortunately,  the  race  of  the  patients  or  the  ratio 
of  black  to  white  in  the  population  sample  reported  is  not  stated  in  this  paper. 

The  color  of  the  skin  is  of  particular  interest,  as  Swantz  and  Bayliss’* 
in  1945  reported  moderately  severe  hemolytic  toxic  reactions  in  nine  Xegrt.es 
who  had  received  Plasmochin  in  the  course  of  treatment  for  malaria.  These 
reactions  were  encountered  during  a  period  in  which  approximately  3,000 
cases  of  malaria  were  treated.  The  amount  or  duration  of  Plasmochin  treat¬ 
ment  is  not  stated.  As  to  race,  the  authors  say  only  that  the  majority  of 
their  malarial  patients  were  white.  The  absence  of  a  single  hemolytic  reaction 
in  the  whites  treated  and  the  occurrence  of  nine  cases  of  severe  intoxication 
in  the  Negroes  suggest  some  predisposition  to  Plasmochin  hemolytic  reac¬ 
tions  in  Negroes.  In  studies  summarized  by  Shannon,  6  hemolytic  reactions 

■Js  West,  J.  B.,  and  Henderson,  A.  B. :  Plasmochin  Intoxication.  Bull.  tJ.S.  Army  M.  Dept. 
No.  82.  pp.  87-99,  November  1944. 

78  Swantz,  H.  E.,  and  Bayliss,  M. :  Hemoglobinuria ;  Report  of  Ten  Cases  of  Its  Occurrence  in 
Negroes  During  Convalescence  From  Malaria.  War  Med.  7 :  104-107,  February  1945. 
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(5  Negroes  and  1  Chinese)  were  observed  among  71  pigmented  patients,  an 
incidence  of  8.4  percent,  but  none  in  35  white  patients  who  received  0.03  gm. 
Plasmochin  base  for  from  2  to  14  days.  All  reactions  occurred  during  the 
third  to  fifth  days  of  Plasmochin  therapy  and  were  characterized  by  weak¬ 
ness,  dark  urine,  and  icterus  at  onset. 

Hardgrove  and  Applebaum,'’^'^  in  1945,  reported  from  Panama  an  inci¬ 
dence  of  10.13  percent  hemolytic  reactions  in  4,361  laborers  who  were  given 
a  routine  mass  treatment  for  suppression  of  malaria,  the  treatment  consisting 
of  quinacrine,  0.1  gm.  three  times  daily  for  5  consecutive  days,  no  medication 
for  the  next  2  days,  and  then  Plasmochin  base,  0.01  gm.  three  times  daily, 
for  5  consecutive  days.  In  8.12  percent  of  the  whole  treated  group,  the  reac¬ 
tions  were  suffii'iently  severe  to  require  hospitalization.  Three-fourths  of 
these  patients  were  admitted  during  a  48-honr  period  corresponding  to  the 
last  day  of  Plasmochin  treatment  and  the  da^  following;  only  21  toxic  reac¬ 
tions  occurred  following  less  than  0.10  gm.  of  Plasmochin  base.  The  principal 
complaints  and  findings  were  abdominal  pain,  dark  urine,  anorexia,  jaundice, 
headache,  nausea,  and  vomiting;  abdominal  tenderness,  enlarged  liver,  pallor, 
cyanosis,  low  grade  fever,  hemoglobinuria,  bilirubinemia,  anemia,  and  leuko¬ 
cytosis.  Ti-eatment  was  essentially  blood  transfusion,  intravenous  glucose 
solution,  and  sodium  bicarbonate  by  mouth.  There  were  no  deaths.  It  should 
be  noted  that  in  this  series  of  patients  a  large  proportion  (not  precisely 
stated)  were  not  of  the  white  race;  also  that  the  Plasmochin  was  adminis¬ 
tered  to  the  men  while  they  were  working. 

Kelleher  and  Thompson  in  their  study  of  660  British  soldiers  who  were 
treated  for  acute  attacks  of  vivax  malaria  with  quinine,  2.0  gm.,  and  Plasmo¬ 
chin  base,  0.03  gm.,  daily  for  10  consecutive  days  encountered  practically  no 
severe  toxic  manifestations.  Of  295  patients  personally  treated  by  tlie 
authors,  in  only  3  was  therapy  interrupted  because  of  toxicity.  Other  medical 
officers  participating  in  the  study,  having  less  experience  with  Plasmochin, 
interrupted  therapy  in  2  to  4  percent  of  365  subjects.  No  serious  reactions 
were  encountered. 

It  is  evident  from  this  brief  survey  of  the  literature  that  toxic  experiences 
with  Plasmochin  vary  considerably  in  their  incidence  and  severity.  Large 
groups  of  patients  have  been  given  0.03  gm.  of  Plasmochin  base  for  10  to  21 
days  with  practically  no  toxicity.  On  the  other  hand,  serious  hemolytic 
reactions  have  been  reported  when  the  drug  was  given  for  only  3  to  5  days. 
There  is  evidence  that  hemolytic  reactions  occur  more  frequently  in  patients 
who  are  not  of  the  white  race.  Some  investigators  believe  that  toxic  mani¬ 
festations  are  more  common  in  patients  who  have  recently  received  quina¬ 
crine.  Although  it  is  true  that  the  levels  of  Plasmochin  in  the  plasma  are 
very  much  higher  in  patients  who  have  recently  had  quinacrine  than  in 
patients  who  have  not,  it  has  not  been  established  that  high  plasma  levels  and 

Hardgrove,  M..  and  Applebaum,  I.  L. :  Plasmochin  Toxicity :  .\nnlysis  of  258  Cases.  Ann. 
Int.  Med.  25  :  103-112,  .July  1946. 

See  footnotes  69,  p.  581. 
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toxicity  are  related.  It  seems  probable  that  taking  Plasmochin  while  work¬ 
ing  may  be  a  factor  in  producing  serious  reactions. 

The  writer  (II.M.)  and  his  coworkers  administered  Plasmochin  naphtho- 
ate  in  doses  of  0.02  gm.  three  times  daily  at  8-hour  intervals  for  14  days  to 
100  white  patients.  Xo  major  toxic  manifestations  were  observed,  and  all 
patients  were  able  to  complete  the  full  course  of  therapy. 

Forty  percent  of  the  patients  had  some  form  of  complaint  referred  to 
the  gastrointestinal  tract  and  probably  related  to  Plasmochin.  These  symp¬ 
toms  usually  began  from  the  third  to  the  fifth  day  and  lasted  from  1  to  7 
days;  they  consisted  principally  of  abdominal  cramps  or  abdominal  soreness 
which  were  rarely  severe. 

Cyanosis  was  observed  on  the  11th  day  of  treatment  in  one  patient  who 
had  a  methemoglobin  value  of  12  percent.  Ninety  percent  of  the  patients 
showed  methemoglobinemia  above  normal  values  at  some  time  during  treat¬ 
ment  with  amounts  ranging  from  1.0  to  12  percent  (average  2.3  percent)  of 
total  hemoglobin. 

In  16  percent  of  the  patients  w'ho  were  given  Plasmochin  for  14  days, 
there  was  a  fall  in  total  hemoglobin  of  from  11  to  20  percent  during  the  second 
week  of  treatment  which  we  considered  related  to  the  drug.  An  equal  number 
of  patients  had  an  average  fall  in  hemoglobin  of  15.3  percent  during  the  first 
5  days.  In  the  latter  group,  this  fall  in  hemoglobin  was  apparently  due  to 
active  malaria  rather  than  to  Plasmochin  therapy  since  it  occurred  in  the 
first  few  days  of  the  acute  attack  and  reversed  itself  with  continued  treatment. 
Severe  anemia  did  not  occur,  and  no  hemolytic  crisis  was  observed. 

The  effect  of  Plasmochin  on  the  white  blood  cell  count  was  to  produce 
leukocytosis  in  a  significant  number  of  men  (15  percent  with  counts  above 
10,000  per  cubic  millimeter)  during  the  second  week  of  treatment  and  leuko¬ 
penia  (24  percent  with  counts  below  5,000  per  cubic  millimeter)  during  the 
first  week  after  discontinuance  of  the  drug.  Subsequent  counts  2  weeks  after 
treatment  were  all  normal. 

In  our  experience,  the  toxic  manifestations  related  to  the  administration 
of  Plasmochin  were  not  severe  or  serious  and  should  not  detract  from  the 
value  of  the  drug  if  proper  care  is  taken  in  recognizing  potentially  serious 
signs  of  toxicity. 

Recommendations  for  therapeutic  use. — It  is  suggested  that  patients 
given  Plasmochin  as  described  in  this  chapter  be  hospitalized  during  treat¬ 
ment  and  observed  frequently  to  recognize  early  severe  hemolysis,  should  it 
occur.  Treatment  with  Plasmochin  should  be  limited  to  white  patients. 
Hemoglobin  determinations  should  be  done  daily  and  complete  blood  counts 
at  least  twice  aweek.  Cyanosis  alone  is  not  an  indication  for  discontinuance 
of  therapy.  A  fall  in  total  hemoglobin  of  more  than  20  percent  in  any  one 
day  should  be  regarded  with  suspicion;  if  followed  by  a  further  decline  in 
the  amount  of  total  hemoglobin  on  the  next  day,  Plasmochin  treatment  should 
stop.  One  cannot  anticipate  sudden  hemolysis  by  any  laboratory  method, 
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but  symptoms  of  severe  weakness  and  dai’k  urine  during  the  first  5  days  of 
therapy  should  be  investigated  with  this  possibility  in  mind.  Fluids,  blood, 
and  alkalies  by  vein  are  indicated  if  a  severe  reaction  should  occur.  Abdomi¬ 
nal  cramps  occur  most  frequently  during  the  first  week  of  treatment  and  if 
severe  may  be  conti-olled  with  atropine.  The  usual  symptoms  of  cinchonism, 
namely,  tinnitus,  fullness  in  the  head  and  ears,  and  headache,  were  encoun¬ 
tered  in  varying  severity  in  the  first  week  of  treatment  in  the  majority  of 
patients.  These  symptoms  gradually  subsided  in  the  second  week  and  caused 
no  interruption  of  therapy.  During  the  first  2  to  5  days  of  the  acute  attack 
of  malaria,  most  patients  should  remain  in  bed.  For  the  remainder  of  the 
2-week  period  of  treatment  in  the  hospital,  the  patients  may  be  ambulant  on 
the  ward  but  should  not  be  permitted  vigorous  exercise  nor  be  given  over¬ 
night  passes.  Each  dose  of  drug  must  be  personally  administered  by  a  nurse 
or  physician,  and  each  patient  should  be  seen  at  least  twice  daily.  Patients 
with  anemia,  severely  malnourished,  or  in  poor  physical  condition  should  not 
be  treated  with  Plasmochin. 

Discussion 

The  clinical  relapse  rate  of  only  4  percent  and  a  total  failure  of  11.1 
percent  following  combined  treatment  with  quinine  and  Plasmochin  is  very 
striking.  In  our  experience,  the  clinical  relapse  in  10  groups  of  at  least  50 
patients  each  has  varied  from  65  to  85  percent,  with  total  failure  rates  after 
treatment  of  from  75  to  90  percent  for  all  groups  except  the  group  treated 
with  quinine-Plasmochin  as  here  reported. 

Analysis  of  more  than  1,000  attacks  of  vivax  malaria  treated  and  ob¬ 
served  at  Moore  General  Hospital  for  120  days  indicated  that  within  this 
period  of  observation  the  relapse  rate  for  any  given  attack  is  not  significantly 
influenced  by  the  number  of  previous  attacks,  by  the  age  of  the  disease  (table 
76),  or  by  the  amount  or  duration  of  treatment  with  quinine  or  quinacrine. 
It  is  unlikely  that  these  factors  can  account  for  the  wide  discrepancy  in  the 
observed  results.  One  must  also  consider  what  the  probability  may  be  of 
late  relapses  occurring  in  the  quinine-Plasmochin  group  after  the  120  days’ 
period  of  observation.  The  median  interval  to  clinical  relapse  following 
treatment  with  quinine  or  totaquine  is  24  days  and  following  quinacrine  or 
4-aniinoquinoline  drugs,  50  to  65  days.  Within  120  days,  80  to  90  percent  of 
all  patients  treated  for  an  acute  attack  of  virax  malaria  of  Pacific  origin  with 
currently  used  antimalarial  drugs  will  have  interval  parasitemia  without  fever 
or  symptoms  or  will  actually  relapse  clinically.  We  know  that  a  relatively 
small  percentage  of  failures  do  occur  after  120  days.  It  is  unlikely  that 
absolutely  no  definitive  cures  follow  treatment  with  quinine  or  (piinacrine, 
but  even  if  this  were  so,  the  maximum  number  of  failures  that  could  possibl}' 
occur  after  120  days’  observation  would  be  only  10  to  20  percent  of  treated 
patients.  The  median  interv'al  to  failure  (parasitemic  and  clinical)  in  the 
relapses  that  actually  were  observed  in  the  quinine-Plasmochin  group  was 
34  days  compared  to  36  days  for  the  quinine  controls.  In  other  words,  when 
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quinine-Plasmochin  failed  it  did  so  in  the  same  interval  after  treatment  as 
did  quinine  alone.  Subsequently,  we  observed  20  percent  of  the  Plasmochin 
group  for  at  least  180  days  after  treatment  and  no  failures  after  120  days 
had  occurred.  Unless  Plasmochin  alters  the  biology  of  vlvax  malaria  in  man 
so  that  very  late  failures  will  occur  in  the  majority  of  treated  patients,  it  is 
our  opinion  that  the  freedom  from  parasitemia  or  clinical  relap.se  for  120 
days  in  90  percent  of  our  treated  patients  represents  definitive  cure  for  at  least 
80  percent  of  men  so  treated. 

Analysis  of  our  Plasmochin  relapses  gives  us  no  clue  to  a  possible  ex¬ 
planation  for  failure.  The  average  mean  plasma  levels  of  quinine  and  Plas¬ 
mochin  are  in  the  same  order  and  range  in  the  failures  as  in  the  whole  group 
treated  as  well  as  for  the  patients  in  whom  120-day  cures  were  observed. 
There  was  one  failure  in  nine  delayed  primary  attacks  treated.  As  regards 
the  average  age  of  the  disease  and  the  average  number  of  previous  attacks, 
the  other  seven  failures  were  comparable  to  the  patients  in  whom  treatment 
was  successful. 

Clinical  use. — Four-month  cures  in  90  percent  of  patients  treated  with 
combined  quinine-Plasmochin  raised  the  question  of  the  general  application 
of  this  form  of  treatment  for  vivax  malaria.  In  infections  of  Mediterranean 
origin,  the  relatively  low  clinical  relapse  rate  of  30  percent  within  120  days 
for  vh'ax  malaria  following  treatment  with  quinacrine  or  quinine  makes  it 
questionable  whether  routine  Plasmochin  treatment  is  indicated  in  such 
infections,  especially  in  the  second  year  of  the  disease.  Certain  individuals, 
however,  with  ^nvax  malaria  of  Mediterranean  origin  relapse  frequently  and 
at  short  intervals  after  treatment  during  the  first  year  of  the  disease  par¬ 
ticularly  if  quinine  is  used  to  terminate  the  acute  attack.  In  these  cases, 
combined  quinine-Plasmochin  treatment  should  be  consideied. 

Since  120-day  failure  rates  after  treatment  of  attacks  of  Pacific  vivax 
malaria  may  be  as  high  as  90  percent,  more  serious  consideration  should  be 
given  to  the  use  of  combined  quinine-Plasmochin  in  this  type  of  infection. 
Even  though  there  is  only  a  10  to  20  percent  chance  that  a  patient  treated 
with  quinine  or  quinacrine  for  his  first  attack  will  have  no  subsequent  attack 
in  120  days,  it  seems  worthwhile  to  take  this  chance  for  that  attack  and  pos¬ 
sibly  for  the  next  one  or  two  relapses.  However,  the  occurrence  of  repeated 
attacks,  at  short  intervals,  for  example,  3  to  6  attacks  during  the  first  6  months 
of  the  disease  or  repeated  attacks  later  in  the  disease,  is  in  our  opinion  an 
indication  for  the  use  of  combined  quinine-Plasmochin  therapy.  The  co¬ 
existence  of  other  diseases  precluding  the  use  of  quinacrine  therapeutically 
or  for  suppression  (quinacrine  sensitivity  and/or  exfoliative  or  eczematoid 
dermatitis  or  atypical  lichen  planus)  is  another  indication  for  the  use  of 
combined  quinine-Plasmochin.  Likewise,  patients  who  relapse  frequently 
at  intervals  of  a  month  or  less  after  quinine  and  who  cannot  take  quinacrine 
can  be  treated  with  Plasmochin,  as  outlined.  Finally,  patients  whose  con¬ 
valescence  from  other  diseases  is  interrupted  or  delayed  by  repeated  attacks 
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of  malaria  should  be  considered  candidates  for  combined  quinine-Plasmochin 
therapy.  Each  case  must  be  considered  individually  and  the  probability  of 
cure  weighed  against  potential  toxicity  and  a  2  weeks’  course  of  hospital 
treatment  with  Plasmochin,  compared  with  a  short,  safe  course  of  treatment 
with  other  antimalarial  drugs  and  the  high  possibility  of  failure. 

Appreciating  the  potential  dangers  of  Plasmochin,  one  is  nevertheless 
impressed  by  the  complete  absence  of  severe  or  serious  toxicity  in  a  series  of 
100  consecutive  white  patients  who  were  given  0.06  gm.  Plasmochin  naphtho- 
ate  daily  for  14  days.  The  fact  that  the  patients  were  all  white,  closely 
observed  in  the  hospital,  and  in  good  physical  condition  may  be  factors  in 
the  absence  of  toxicity. 

Further  study. — Following  completion  of  the  study  just  described,  30 
additional  white  patients  with  acute  attacks  of  vivax  malaria  of  Pacific  origin 
had,  in  addition  to  quinine,  quinacrine,  or  SN  7,618,  received  Plasmochin  for 
14  days.  Information  was  now  available  on  relapse  rates  during  120  to  180 
days’  observation  after  treatment  for  more  than  100  cases  of  vivax  malaria. 
The  observed  relapse  rate  tor  the  group  was  4  percent  and  the  total  failure 
rate  less  than  10  percent.  There  can  be  little  question  about  the  curative 
value  of  Plasmochin. 

It  is  interesting  that,  in  a  group  of  10  men  who  received  Plasmochin  for 
14  days  after  2.2  gm.  of  quinacrine  had  been  given  to  terminate  the  attack, 
only  one  relapse  occurred  during  120  to  180  days’  subsequent  observation.  No 
relapse  occurred  in  a  similar  period  of  observation  in  another  10  men  who 
received,  during  the  first  4  days  of  treatment  with  Plasmochin,  a  total  of  1.4 
gm.  of  SN  7,618  in  addition  to  the  Plasmochin,  which  was  given  for  a  total 
of  14  days.  It  seems  that  successful  treatment  with  Plasmochin  may  be 
accomplished  after  the  acute  attack  is  terminated  with  quinacrine  or  SN  7,618, 
or  by  giving  either  of  these  drugs  simultaneously  with  Plasmochin  for  a  few 
days  luitil  the  acute  attack  has  been  terminated  and  then  continuing  Plasmo¬ 
chin  until  it  has  been  given  for  14  consecutive  days. 

It  is  noteworthy  that  of  the  100  cases  successfully  treated  with  Plasmo¬ 
chin  there  were  20  patients  with  primary  attacks  and  19  with  only  one  prior 
attack.  There  were  only  2  failures  in  this  group  of  39  men,  or  a  failure  rate 
of  5  percent.  The  severity  of  infection  acquired  naturally  may  vary  con¬ 
siderably,  but  all  evidence  suggests  that  the  age  of  the  disease  or  severity  of 
infection  is  of  secondary  importance  in  determining  the  end  results  of  Plasmo¬ 
chin  therapy.  Likewise,  no  correlation  has  been  found  between  Plasmochin 
plasma  levels  and  success  or  failure  of  treatment.  On  the  other  hand,  total 
dose  and  duration  of  treatment  appear  to  be  crucial  factors.  For  example,  in 
a  group  of  10  men  who  received  combined  quinine-Plasmochin  treatment  for 
only  10  instead  of  14  days,  6  relapses  occurred.’®  Similar  failures  were  re¬ 
ported  in  treatment  of  primary  attacks  or  relapses  if  the  total  dose  of  Plasmo¬ 
chin  was  0.42  instead  of  0.84  gm.  during  14  days. 


‘>9  Most,  H. :  Unpublished  data. 
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Summary 

The  clinical  studies  on  the  etfect  of  Plasniochin  in  definitively  terminating 
vlvnx  infections  are  of  the  utmost  imjmrtance  in  the  chemotherapy  of  malaria. 
As  a  result  of  these  carefully  controlled  experiments,  Plasmochin  or  similar 
drugs  were  established  with  a  definite  place  in  the  management  of  relapsing 
vivax  malaria.  The  original  observation  by  James  that  Pla.^mochin  given 
in  adequate  amounts  before,  during,  and  after  sporozoite  infections  resulted 
in  cure  of  vhax  malaria  has  been  clinically  applied.  Similar  results  with 
domestic  and  foreign  strains  of  P.  vivax  in  protective  and  therapeutic  te.sts 
have  been  reported  in  the  United  States.  Treatment  of  primary  attacks  or 
relapses  resulted  in  cures  in  the  great  majority  of  cases  in  which  total  doses 
of  Plasmochin  of  0.84  gm.  were  given  with  quinine  or  other  drugs  for  14 
days.®^ 

Extension  of  these  studies  has  been  made  with  other  8-aminoquinoline 
compounds.  At  least  one  of  these,  SN  13,276  or  pentaquine,  has  great  promise. 
No  clinical  studies  with  this  drug  were  made  in  the  U.S.  Army  during  World 
War  II.  However,  it  has  been  shown  by  civilian  and  Federal  research  agen¬ 
cies  that  it  will  produce  a  greater  number  of  cures  than  Plasmochin  in  pri¬ 
mary  attacks  and  relapses  of  vivax  infections  transmitted  by  mosquitoes  as 
well  as  in  protective  tests.  It  has  also  been  shown  that  it  may  be  less  toxic. 

Summary  of  Studies 

Protective  tests  and  clinical  trials  conclusively  demonstrated  the  curative 
properties  of  this  class  of  compounds.  A  reevaluation  of  Plasmochin  resulted 
in  the  demonstration  that  if  this  drug  is  administered  with  quinine  or  other 
drugs  for  14  days  vivax  malaria  will  be  cured  in  80  to  90  percent  of  natu¬ 
rally  acquired  clinical  disease.  In  contrast,  relapse  will  be  forestalled  in 
only  10  to  20  percent  of  vivax  infections  after  treatment  with  quinine,  quina- 
crine,  or  the  4-aminoquinolines.  The  feasibility  and  safety  of  administering 
0.84  gm.  of  Plasmochin  to  white  patients  was  shown,  with  only  minor  toxicity 
occurring.  Plasmochin,  which  has  had  its  “ups  and  downs”  in  the  story  of 
the  treatment  of  malaria,  was  shown  to  have  a  definite  and  important  position 
in  the  management  of  relapsing  vivax  malaria.  As  a  result  of  detailed  studies 
of  the  8-aminoquinoline  compounds,  new  members  of  this  group  have  been 
found  which  may  be  so  superior  to  Plasmochin  as  to  end  the  search  for  a 
curative  antimalarial  drug. 

SUMMARY 

The  magnitude  of  the  malaria  problem  during  World  War  II  can  be 
appreciated  only  if  it  is  realized  that  the  war  was  fought  in  areas  where  the 
disease  is  endemic  and  that  about  a  half  million  cases  developed  in  the  U.S. 

<w  Jam«8,  S.  P.,  Nlchol,  W.  D.,  and  Staute,  P.  G. :  On  the  Prevention  of  Malaria  With  Plaamo- 
quine.  Lancet  2 :  341-342,  15  Aug.  1931. 

“  See  footnote  64.  p.  579. 
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Army.  At  the  beginning  of  the  war,  there  was  great  anxiety  with  regard  to 
the  loss  of  our  sources  of  quinine,  and  there  was  some  question  concerning 
the  efficacy  of  quinacrine  as  a  suppressive  and  therapeutic  agent.  Our  scien¬ 
tific  resources  were  beautifully  organized  in  a  search  for  better  antimalarial 
drugs.  Fundamental  studies  and  a  rational  approach  to  the  problem  led  to 
a  clear  understanding  of  the  optimum  methods  of  using  quinine  and  quina¬ 
crine.  Newly  developed  methods  made  it  possible  to  compare  the  relative 
efficiency  of  various  drugs.  It  was  shown  that  certain  sulfonamides  could 
be  substituted  in  extreme  emergencies  as  suppressive  agents.  Heavy  metals 
on  the  whole  offered  little  promise.  ^Vntibiotics  were  of  no  value. 

Quinacrine  was  shown  to  be  superior  to  quinine  for  all  purposes  except 
possibly  for  the  treatment  of  fulminant  infections  with  P.  falciparum.  The 
toxicity  of  quinacrine  was  extensively  studied;  hitherto  undescril)ed  reac¬ 
tions,  in  particular  the  eczematoid-lichen-pl anus-dermatitis  complex,  and 
aplastic  anemia  were  encountered  in  a  small  percentage  of  cases.  In  proper 
dosage,  quinacrine  was  more  effective  than  quinine  in  terminating  acute  at¬ 
tacks  and  in  curing  those  caused  by  P.  falciparum,  while  the  proper  use  of 
quinacrine  for  suppression  made  possible  successful  military  campaigns  in 
highly  malarious  areas.  Mortality  from  malaria  during  World  War  II  was 
negligible  principally  because  of  effective  treatment  and  suppression  of  clini¬ 
cal  malaria. 

In  the  search  for  new  drugs,  the  4-  and  8-aminoquinolines  were  widely 
studied.  Several  (SN  6,911  and  SN  8,137)  were  as  effective  as  quinacrine 
and  if  necessary  might  have  been  substituted  for  it.  In  addition,  one  was 
found  (SN  7,618  or  chloroquine)  that  was  superior  to  quinacrine.  It  does 
not  discolor  the  skin;  it  could  apparently  be  given  with  safety  over  a  long 
time  and  would  produce  satisfactory  suppression  by  single  weekly  doses. 
These  drugs  also  cure  falciparum  infections.  No  studies  were  available  on 
their  value  in  fulminating  falciparum  infections  in  comparison  with  quinine 
or  quinacrine. 

Finally,  the  curative  properties  of  the  8-aminoquinoline  compounds  were 
demonstrated.  Plasmochin  was  reestablished  as  a  drug  of  great  value  in  the 
treatment  of  relapsing  vivax  malaria  in  conjunction  with  quinine,  and  new 
compounds  were  found  (SN  13,276  or  pentaquine)  which  may  have  fulfilled 
the  search  for  a  generally  curative  antimalarial  agent.  The  final  step  in 
progress  to  the  ideal  therapeutic  will  be  an  agent  that  is  truly  chemoprophy- 
lactic.  Such  a  drug  may  be  found,  which  will  be  safe  when  taken  over  long 
periods  and  will  completely  prevent  the  development  of  infection. 

This  is  how  the  matter  stood  when  World  War  II  ended.  The  momentum 
of  these  studies  carried  over  into  investigations  continued  during  the  postwar 
years  1946-54.  These  investigations  were  for  the  most  part  under  the  aus¬ 
pices  of  the  U.S.  Army.  A  note  is  appended  on  this  work,  as  it  ties  together 
the  whole  and  brings  it  to  more  sharply  defined  conclusions.  This  addendum 
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on  postwar  research  is  drawn  from  a  review  prepared  by  Dr.  L.  H.  Scliraidt 
and  Dr.  G.  Robert  Coatney.*^ 

Postwar  Research 

At  the  close  of  hostilities,  it  was  evident  that  much  work  remained  to  be 
done  with  intent  (1)  to  evaluate  known  but  inadequately  assessed  suppressive 
and  therapeutic  agents  and  (2)  to  develop  new  curative  drugs.  Many  investi¬ 
gators  who  during  the  war  had  taken  part  in  the  research  programs  of  the 
Office  of  Scientific  Research  and  Development  (OSRD)  retained  their  in¬ 
terest  in  the  chemotherapy  of  malaria.  It  seemed  to  them  that  this  unfinished 
business  could  best  be  completed  within  a  similar  pattern  of  cooperative 
effort. 

Accordingly,  the  fruitful  period  from  1946  to  1954,  inclusive,  saw  investi¬ 
gations  in  large  part  conducted  with  the  active  participation  and  support  of 
the  armed  services.  A  Malaria  Study  Section,  under  the  U.S.  Public  Health 
Service,  recommended  grants-in-aid  to  interested  scientific  workers  at  various 
institutions.  They,  together  with  parasitologists  and  clinical  investigators 
in  the  Section  on  Chemotherapy,  Laboratory  of  Tropical  Diseases,  National 
Institutes  of  Health,  agreed  to  coordinate  their  activities  to  achieve  specified 
objectives.  A  joint  group  known  as  Investigators  in  Malaria  Chemotherapy 
met  frequently  from  October  1946  through  1948  to  assess  progress  and  plan 
new  activities. 

Investigations  under  OSRD  had  established  the  value  of  quinacrine.  Of 
the  compounds  that  gave  promise  in  preliminary  tests  or  of  having  even 
superior  qualities,  only  one,  chloroquine,  had  been  tested  sufficiently  to  be 
recommended  for  general  use.  Two  other  compounds,  amodiaquin  and  oxy- 
chloroquine,  belonging  to  the  same  chemical  group,  the  4-aminoquinolines, 
seemed  to  merit  further  trial,  as  did  the  4-quinoline-methanols  and  a  small 
number  of  naphthoquinones.  In  addition,  there  were  the  biguanides,  particu¬ 
larly  chlorguanide,  made  available  to  OSRD  investigators  through  the  scien¬ 
tific  liaison  between  Great  Britain  and  the  United  States. 

It  had  been  recognized  also,  during  the  latter  years  of  the  wartime 
studies,  that  certain  prewar  work  by  the  British  had  shown  that  the  old  Ger¬ 
man  drug  pamaquine  (Plasmochin)  possessed  a  property  not  common  to 
other  antimalarial  dnigs;  namely,  its  ability  to  cure  naturally  acquired  vivax 
malaria.  This  recognition  led  to  confirmatory  observations  and  subsequently 
to  a  large  program  involving  synthesis,  pharmacological  study,  and  clinical 
evaluation  of  the  8-aminoquinolines,  a  program  which  dominated  the  last 
year  of  OSRD  activities  in  this  field.  At  the  end  of  the  war,  this  effort  had 
led  to  the  development  of  at  least  one  compound,  pentaquine  (SN  13,276), 
believed  to  be  superior  to  pamaquine. 

*2  Schmidt,  L.  H..  and  Coatncjr,  O.  R. ;  Review  of  Investigations  in  Malaria  Chemotherapy 
(U.S.A.)  1946  to  1954.  Am.  J.  Trop.  Med.  4:  208-216,  March  1955. 
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In  the  first  of  the  cooperative  postwar  studies,  the  naphthoquinones  were 
found  to  have  only  a  low  level  of  therapeutic  effectiveness  and  gave  no  evi¬ 
dence,  in  man  or  monkey,  of  prophylactic  or  curative  properties.  Of  the 
4-quinoline-methanols,  three  compounds  were  shown  to  possess  no  significant 
advantages  over  quinine  in  the  treatment  of  vh'<ix  malaria.  The  fourth  pro¬ 
duced  phenomenal  lengthening  of  the  relapse  interval,  but  this  was  associated 
with  the  development  of  photosensitivity.  Accordingly,  work  on  all  of  these 
compounds  was  abandoned.  In  the  4-aminoquinoline  group,  continued  in¬ 
vestigation  on  the  long-term  suppressive  activity  of  chloroquine,  and  on  the 
short-term  suppressive  and  therapeutic  properties  of  amodiaquin,  showed 
that  these  drugs  possess  similarly  high  therapeutic  and  suppressive  activity. 
The  effectiveness  and  tolerability  of  chloroquine  given  intramuscularly,  and 
its  effectiveness  in  single  doses  given  orally,  were  amply  demonstrated. 

Chlorguanide,  the  biguanide  that  had  shown  considerable  promise  in 
preliminary  clinical  evaluation  by  British,  Australian,  and  OSRD  investiga¬ 
tors,  was  now  thoroughly  studied  in  man  and  e.xperimental  animals.  Long¬ 
term  administration  was  found  to  be  safe.  In  the  body,  the  drug  was  de¬ 
graded  extensively  to  products  that,  like  the  parent  drug,  exhibited  activity 
against  simian  malaria.  Although,  as  shown  by  British  investigators,  one 
compound  was  formed  that  was  more  active  than  the  parent  compound 
against  avian  malaria,  subsequent  work  by  other  British  investigators  showed 
that  this  metabolic  product  was  no  more  active  than  the  parent  drug  against 
infections  with  P.  falciparum.  In  therapeutic  and  suppressive  studies,  chlor¬ 
guanide  exhibited  a  high  degree  of  activity  against  infections  with  P.  vivax., 
but  it  was  definitely  slower  than  chloroquine  in  reducing  fever  and  para¬ 
sitemia.  It  was  further  shown  that  each  of  the  species  of  avian,  simian,  and 
human  plasmodia  studied  acquired  a  high  order  of  resistance  to  the  drug 
when  exposed  to  suboptimal  doses  and  that  the  resistant  characteristic  of  the 
simian  plasmodium  could  be  transmitted  unaltered  through  the  mosquito. 
When  produced  in  sporozite-induced  infections,  resistance  was  a  property  of 
the  erythrocytic  parasites  only.  Infections  with  chlorguanide-resistant  strains 
responded  normally  to  drugs  such  as  quinine,  quinacrine,  and  the  4-amino- 
quinolines.  Field  study  in  Guatemala  confirmed  the  superiority  of  chloro¬ 
quine  for  suppression  in  a  systematic  comparison  with  chlorguanide. 

These  various  studies  had  thus  established  the  therapeutic  potentialities 
of  both  chloroquine  and  amodiaquin  and  demonstrated  that  either  drug  was 
superior  to  chlorguanide  in  the  general  management  of  malaria  in  man.  The 
work  of  consolidation  was  in  general  complete. 

The  major  new  effort  of  the  Investigators  in  Malaria  Chemotherapy  was 
directed  toward  development  of  a  generally  useful  drug  that  would  not  merely 
suppress  but  would  cure  the  relapsing  malaria  caused  by  P.  vwax.  This 
attempt,  centered  about  work  on  the  8-aminoquinolines,  during  1946  and  1947 
followed  the  pattern  of  the  last  year  of  the  OSRD  program.  This  involved 
synthesis  of  various  congeners  of  pamaquine  (Plasmochin) ,  testing  for  tox- 
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icity  in  monkeys,  ami  finally  testingr  of  compoumls  free  of  neuronal  toxicity 
against  vivax  infections  in  human  volunteers.  In  addition,  efforts  were  made 
to  define  more  precisely  the  activity  of  pentacpiine  and  the  more  effective 
ways  of  using  it. 

In  1948,  this  pattern  of  work  was  changed  as  the  result  of  a  demonstra¬ 
tion  by  Schmidt  and  his  colleagues  at  the  Christ  Hospital  Institute  of  Medical 
ReseaiTh,  Cincinnati,  Ohio.  They  showed  that  infections  with  Plamwdhim 
cynomolgi  in  the  rhesus  monkey  were  the  biological  and  chemotherapeutic 
counterparts  of  infections  in  man  with  Southwest  Pacific  strains  of  P.  virax. 
with  essentially  complete  parallelism  in  response  both  to  qualitative  and  to 
quantitative  aspects  of  drug  activity.  For  the  first  time,  it  was  possible  to 
carry  out  toxicological  and,  particularly,  therapeutic  studies  in  an  experi¬ 
mental  animal  with  reasonable  expectation  that  the  results  could  be  trans¬ 
lated  in  terms  of  malaria  in  man. 

Collaborating  groups  of  chemists  at  Columbia  University,  New  York, 
N.Y.,  University  of  Maryland,  College  Park,  Md.,  and  University  of  Notre 
Dame,  Notre  Dame,  Ind.,  synthesized  42  new  8-aminoquinoline  derivatives 
and  remade  older  analogs  in  quantities  sufficient  for  simian  and  human 
studies.  Toxicological  and  curative  therapeutic  studies  were  carried  out  on 
all  of  these  compounds  in  monkeys  at  the  Christ  Hospital  Institute,  and  18 
of  the  compounds  were  selected  for  human  trial  at  the  University  of  Chicago, 
Chicago,  Ill.  Both  in  man  and  in  monkey,  four  compounds  emerged  with 
properties  superior  to  pamaquine.  These  were  pentaquine  and  isopentaquine, 
which  had  been  developed  in  1946  and  1947,  respectively,  primaquine  (SN 
13,272),  and  SN  3,883.  The  last  two  compounds,  with  terminal  primary 
amino  groups  on  the  side  chain,  had  been  prepared  during  the  OSRD  pro¬ 
gram  but  were  subjected  to  study  in  man  only  after  investigations  at  the 
Christ  Hospital  Institute  had  focused  attention  upon  the  high  tolerability 
of  this  class  of  compounds  and  their  unusual  activity  against  the  early  and 
late  exo-erythrocytic  stages  of  P.  cynoTtiolgi. 

Between  1948  and  1950,  considerable  study  was  also  given  to  the  mechan¬ 
isms  for  enhancing  the  effectiveness  of  known  agents.  Two  observations  that 
proved  of  practical  significance  were  made  at  the  Christ  Hospital  Institute 
and  later  confirmed  in  principle  in  the  human  subject  at  the  University  of 
Chicago.  These  observations  were  (1)  quinine  had  no  specific  enhancing  effect 
on  the  curative  activities  of  8-aminoquinolines  such  as  pentaquine,  isopenta¬ 
quine,  and  primaquine,  and  (2)  that  these  drugs  could  cure  and  in  some  cases 
prevent  malaria  infections  when  given  alone.  It  followed  that  the  sole  con¬ 
tribution  of  quinine  was  the  control  of  erythrocytic  infection.  This  contri¬ 
bution  explains  the  therapeutic  effectiveness  of  Plasmochin  combined  with 
quinine;  it  could  be  made  as  well  by  chloroquine  or  any  other  schizonticidal 
drug,  or  could  be  dispensed  with  if  the  8-aminoquinoline  were  administered, 
in  established  infections,  in  the  interval  between  relapses.  This  finding 
formed  the  basis  for  the  “interim  primaquine”  regimens  which  allegedly  have 
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been  responsible  for  the  reduced  incidence  of  malaria  among  troops  returning 
from  Koi-ea  in  1952  and  1953. 

Late  in  1950,  it  was  decided  to  concentrate  the  coo|)erative  studies  upon 
the  relative  merits  and  best  use  of  the  four  compounds  that  seemed  most 
promising,  pentaquine,  isopentaquine,  primaquine,  and  SX  3,883.  Evaluation 
of  these  drugs  in  curing  established  infections  with  P.  vivax  in  voi  mteers  was 
in  part  made  the  responsibility  of  a  group  of  investigators  headed  by  Dr.  Alf 
S.  Alving  at  the  University  of  Chicago.  A  second  clinical  testing  facility  was 
established  at  the  U.S.  Penitentiary,  Atlanta,  Ga.,  under  the  direction  of  Dr. 
(’oatney. 

In  the  meantime,  the  appearance  of  numerous  cases  of  acute  malaria 
among  military  pei-sounel  returning  from  Korea  demanded  more  immediate 
solutions.  At  a  meeting  called  by  The  Surgeon  General,  Department  of  the 
Army,  on  3  July  1951,  it  was  decided  to  focus  attention  upon  primaquine  and 
particularly  to  investigate  (1)  its  effectiveness  in  eradicating  established  infec¬ 
tions  in  returnees  from  Korea  and  (2)  the  feasibility  of  administering  15  mg. 
daily  for  14  days  to  all  servicemen  returning  from  Korea  by  ship. 

The  overall  safety  of  this  dosage  schedule  for  military  men  on  full  duty 
was  demonstrated  in  a  preliminary  investigation,  involving  1,000  U.S.  Army 
personnel,  carried  out  at  Fort  Benning,  Ga.,  and  Fort  Knox,  Ky.  Beginning 
on  18  September  1951  with  a  group  of  servicemen  returning  by  ship  from 
Korea,  the  administration  of  15  mg.  of  primaquine  daily  for  14  days  was 
adopted  as  a  general  procedure  pending  more  precise  data  from  the  con¬ 
trolled  studies  underway  in  the  United  States.  Collateral  studies  at  the 
University  of  Chicago  showed  that  daily  doses  of  30  mg.  of  primaquine  were 
tolerated  by  Caucasians;  in  Negroes,  such  doses  evoked  intravascular  hemo¬ 
lysis  in  5  percent. 

Data  from  the  controlled  studies  on  prisoner  volunteers,  available  in 
January  1952,  showed  the  superiority  of  primaquine  over  pentaquine,  isopen¬ 
taquine,  and  SN  3,833  as  a  curative  drug.  The  results  obtained  in  active  infec¬ 
tions  with  P.  vivax  in  retumees  from  Korea  showed  the  high  order  of  curative 
effectiveness  of  primaquine  and  its  superiority  over  pamaquine  (Plasmochin). 
The  effectiveness  of  interim  treatment  with  primaquine  was  demonstrated  in 
selected  returnees.  This  composite  information,  together  with  toxicological 
data  obtained  by  study  of  prisoner  volunteers,  provided  a  solid  basis  for  the 
adoption  of  interim  treatment  with  primaquine  for  the  cure  of  vivax  malaria 
of  Korean  origin.  This  procedure  was  eventually  applied  to  all  military  per¬ 
sonnel  returning  by  ship  from  Korea  and  has  been  associated  with  the  virtual 
elimination  of  malaria  among  them. 

Late  in  1950,  interest  was  aroused  in  a  new  type  of  antimalarial  drug 
which  had  been  produced  in  the  Wellcome  Research  Laboratories,  New  York, 
as  a  by-product  of  investigations  on  purines  and  pyrimidines  as  carcinolytic 
agents.  Attention  centered  on  pyrimethamine  (2,  4-diamino-5-/?-chlorophe- 
nyl-6-ethylpyrimidiue,  Daraprim).  Extensive  studies  were  carried  out  ou  its 
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pharmacology  in  man  and  lower  animals,  on  its  activity  against  avian  and 
simian  malarias,  and  against  infections  with  P.  vivax  and  P.  falciparum. 
Therapeutic  studies  in  both  lower  animals  and  man  showed  that  the  com¬ 
pound  had  higher  activity  against  erythrcK*ytic  parasites  than  any  known 
antimalarial  drug.  It  was  slower,  liowever,  than  chlonxjuine  in  controlling 
active  simian  and  human  infections.  It  was  active  against  the  ^.vo-erytlirocy- 
tic  stages  of  all  species  of  malarial  parasites  studied.  It  was  able  to  effect 
suppressive  cure  in  a  high  proportion  of  infections  with  P.  vivax.  Resistance 
to  pyrimethamine  developed  rapidly  during  inadequate  treatment  of  erythro¬ 
cytic  infections  with  avian,  simian,  and  human  plasmodia.  In  cynom/ylgi  and 
vivax  malarias,  the  resistance  characteristic  could  be  transferred  unchanged 
through  the  mosquito.  Pharmacological  studies  in  the  monkey  demonstrated 
that  repeated  administration  of  pyrimethamine  produced  significrnt  deleteri¬ 
ous  changes  in  the  bone  marrow,  kidney,  and  adrenal  cortex.  Tolerability 
studies  in  man  attested  to  the  safety  of  the  currently  recommended  doses  of 
pyrimethamine  but  showed  that,  at  a  sevenfold  increase  in  dosage,  changes 
occurred  in  the  bone  marrow  similar  to  those  exhibited  by  the  monkey. 

The  capacity  of  pyrimethamine  to  function  as  a  suppressive  cure  strongly 
recommended  its  use  by  TJ.S.  armed  services.  On  the  other  hand,  its  potential 
for  inducing  resistant  strains  and  its  slowness  of  action  in  treatment  of  acute 
attacks  were  disadvantages  not  possessed  by  chloroquine. 

In  conclusion,  one  sees  that  during  the  period  from  1946  to  1954,  inclusiv^e, 
there  were  marked  developments  in  the  chemotherapy  of  malaria.  The  posi¬ 
tion  of  chloroquine  and  amodiaquin  in  the  suppression  and  treatment  of  vivax 
and  falciparum  malarias  and  in  ilie  cure  of  the  latter  was  established  firmly. 
The  usefulness  and  limitations  of  chlorguanide  were  defined  with  reasonable 
certainty.  X  generally  useful  drug  for  the  cure  of  relapsing  infections  with 
P.  vivax  was  developed  in  primaquine,  and  the  value  of  this  agent  was  proved 
in  both  laboratory  and  field  investigations.  Finally,  a  new  compound,  pyri¬ 
methamine,  possessing  interesting  possibilities  as  a  suppressive  antimalarial 
drug,  was  introduced.  The  ultimate  significance  of  these  developments  for 
worldwide  control  of  malaria  remains  to  be  appraised.  It  seems  likely,  how¬ 
ever,  that  satisfactory  measures  are  now  at  hand  for  suppression,  treatment, 
and  cure  of  all  human  malarias.  This  remarkably  favorable  position  of  ma¬ 
laria  therapy  is  in  marked  contrast  to  the  uncertainty  of  the  pre-World  War 
II  period.  It  is  a  tribute  to  all  who  took  part  in  the  OSRD  and  postwar 
malaria  researches. 
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breeding  places  of,  64,  68 
Aedes  scutellaris,  59,  66 
Aedes  scutellaris  hebrideus,  62 
Aedes  vexans,  442 
Aegean  Sea,  53 
Aero-otitis,  1 

Aerosols,  in  control  of  infection,  6 
Africa,  82 
Age,  factor  of,  in — 
infectious  mononucleosis,  39 
malignant  diseases  of  the  lungs,  48 
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Age,  factor  of,  in — Continued 
murine  typhus,  222 
poliomyelitis,  92,  95 
scrub  typhus,  119 
susceptibility  to  influenza,  10 
tuberculosis,  400,  401,  402 
typhus  fever,  220 
Agent(s\  causative,  of — 

Brill’s  disease,  201 
cerebral  malaria,  499 
common  cold,  3 
epidemic  typhus,  143 
influenza,  10-11 
murine  typhus,  204.  205 
sandfly  fever,  52 
Agranulocytosis,  200,  263 
Air,  disinfection  of,  in  control  of  infection,  6 
Air  Force  Base  Unit,  1306th,  4.53 
Air  Surgeon,  227 
Air  Transport  Command,  501 

1306th  Air  Force  Base  Unit  of.  453 
Air  transportation,  for  tuberculous  patients, 
342,  379,  380,  381 

Airborne  Engineer  Company,  900th,  452 
Airborne  infection,  methods  for  reduction  of, 
6 

Airfields.  See  Army  airfields. 

Airplane  spraying,  of  DDT,  in  mosquito 
control,  67,  69 
Aitape,  121,  123 
Alaska; 

outbreaks  of  influenza  in,  13 
tuberculosis  in,  365 

Alaskan  Department,  tuberculosis  in,  365 
Albuminocytological  dissociation,  300 
Albuminuria: 

in  epidemic  typhus,  217 
in  murine  typhus,  222 

Alcoholic  bouts,  factor  of,  in  activating 
malaria,  480 

Algeria,  49,  50,  53,  453,  502 
Algid  malaria,  486 
Algiers,  50 

Alkaloids,  cinchona.  See  Cinchona  alkaloids. 
Allen,  Maj.  Arthur  C.,  132,  133,  169,  171 
Allergic  disorders,  9 

Allied  Force  Headquarters,  Mediterranean 
theater,  495 

Machine  Records  Unit  of,  508 
Malaria  Committee  of,  494 
Alving,  Dr.  Alf  S.,  597 
Ambulation,  for  rheumatic  fever  patients, 
233 


Amebiasis,  deaths  due  to,  243 
Amebic  dysentery,  491 
Amebic  hepatitis,  491 
Americal  Division,  280,  451,  557 
“demalarialization”  in,  497 
malaria  in,  458 
See  also  Military  units. 

American  Association  for  the  Advancement 
of  Science,  480 

American  Civil  War.  225,  329,  330 
.\merican  Medical  Association,  Council  on 
Pharmacy  and  Chemistry  of,  265 
American  Red  Cross,  344 
American  Zone,  of  occupied  Germany,  397, 
398,  399 

Amigen,  for  typhus  patient,  153 
An'df.rson,  Dr.  C.  Russell,  136,  195n,  201 
Andrewes,  Dr.  C.  H.,  22 
investigator  of  epidemic  influenza,  10 
Anemia,  496 
aplastic,  551-552 
in  blackwater  fever,  486 
in  malaria,  487,  490,  501,  508 
Anesthetics,  factor  of,  in  activating  malaria, 
480 

Anorexia: 

effect  of,  on  suppressive  action  of  Ata- 
brine,  470 
in  dengue,  72 
in  Q  fever,  106 
in  sandfly  fever,  56 
Antibiotics,  1-2 

broad-spectrum,  109,  139,  269 
in  bacterial  pneumonia,  27,  31,  32 
in  epidemic  typhus,  194-195 
in  malaria,  525 

in  meningococcal  infections,  266-269 
in  scrub  typhus.  136 
See  also  specific  names. 

Antimalarial  drugs,  clinical  trial  of,  525-598 
cinchona  alkaloids,  531-538 
4-aminoquinoline  compounds,  559-578 
8-aminoquinoiine  compounds,  579-592 
heavy  metals,  526-528 
penicillin,  525-526 
quinacrine  hydrochloride,  538-558 
sulfonamides,  528-530 
Antimony  compounds,  in  malaria,  528 
Antitoxin,  meningococcal,  265-266 
Anuria,  in  meningococcemia,  2.53,  262.  263 
Anxiety,  in  rabies,  101 
APC  capsule,  6 

Aphasia,  in  Japanese  B  encephalitis,  88 
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Aplastic  anemia,  factor  of  Atabrine  in,  551- 
552 

Applebaum,  I.  L.,  587 
Arbeitsdienst,  395 
Archives  of  Pathology,  172 
Arctic  Circle,  396 
Arling,  Dr.  P.  A.,  266 
Abmbrust,  C.  a.,  Jr.,  119 
Armed  Forces  Institute  of  Pathology,  90, 
132,  169, 171,  251, 252, 258,  270,  302,  551 
Army; 

British  First,  49 
British  Second,  154 
British  Eighth,  453.  504 
First  U.S.,  353 

Fifth  U.S.,  51,  104,  354,  506,  507 
French,  330 

German,  51,  313,  316,  .394 
Sixth  U.S.,  121,  466 

Seventh  U.S.,  51,  155,  453,  504,  506,  507 
Army  Air  Force  Technical  School,  11,  29,  30 
epidemic  of  influenza  at,  12-13 
Army  Air  Forces,  228,  334,  354,  379 
regional  hospitals  of,  233,  237 

designated  as  rheumatic  fever  con¬ 
valescent  centers,  233 
rheumatic  fever  control  program  of.  227, 
237,  238 

tuberculosis  in,  343-344 
Army  Air  Forces  Letter  25-7,  29  Apr.  1944, 
233,  236 
Army  airfields: 

Boca  Raton,  39 
Chanute,  101,  226 
Scott,  20,  226 
Seymour  Johnson,  46 
Truax,  20 

Army  Epidemiological  Board,  6,  13,  80,  86, 
237,  238,  283 
commissions  of,  on — 

acute  respiratory  diseases,  3,  4,  11,  18, 
19,  20,  105 

airborne  infections,  227 
hemolytic  streptococcal  infections.  226, 
227 

mea.sles  and  mumps,  34-35 
neurotropic  virus  diseases,  76,  86,  443 
pneumonia,  28,  29 
Army  Ground  Forces,  228,  343 
Officers’  Training  Center  of,  341 
redistribution  station  of,  346 
Army  Group,  21st,  154 


Army  Institute  of  Pathology,  90,  132,  169, 
251,  252,  302,  551 

Army  Medical  Center,  133,  179,  417,  437 
Army  Medical  Department  Research  and 
Graduate  School,  138 

Army  Medical  Research  and  Development 
Board.  384 

Army  Medical  School,  184,  195 
Army  Medical  Service  Graduate  School.  447 
Army  regulations,  pertaining  to — 
tuberculosis,  375,  387,  388.  406 
venereal  diseases,  413,  429 
see  also  Directives. 

Army  Service  Forces,  29,  343,  354 
circulars  of,  pertaining  to  tuberculosis, 
387,  394.  See  also  Directives,  pertain¬ 
ing  to  tuberculosis. 

general  hospitals  designated  as  rheumatic 
fever  convalescent  centers  by,  233 
Army  Specialized  Training  Program,  13 
Army  Veterinary  Service,  95 
Aronson,  J.  D.,  370 
Arrhythmia,  in  rheumatic  fever,  231 
Arsenicals: 
in  malaria,  526 
in  syphilis,  418,  419 
Arsphenamine,  424 
in  malaria,  526 
Arthralgia: 
in  murine  typhus,  221 
in  rheumatic  fever,  235 
Arthritis; 

disability  discharge  due  to,  339 
in  rheumatic  fever,  231 
of  hip,  complicating  dengue,  75 
Arthropodborne  virus  encephalitides,  79-91 
experience  with,  during  World  War  II, 
83-91 

incidence  of,  83 
military  history  of,  80-83 
Artificially  cultivated  influenza  vaccine, 
immunity  with,  11,  13 
Ashburn,  P.  M.,  59 
Aspirin  therapy,  in  Q  fever,  107 
Assam,  127,  281,  312,  452 
Asthenia: 
in  Q  fever,  107 
in  sandfly  fever,  57 

neurocirculatory.  See  Xeurocirculatory 
asthenia. 

Asthma,  43-44 
management  of,  43 
Asthmatics,  fitness  of,  for  duty,  43 
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Atabriiio,  115,  452,  465,  493,  494,  510-511, 
529,  5S3 

blood  levels  of,  468,  473-476,  497 
clinical  use  of: 

in  falciparum  malaria,  542-545 
in  vivax  malaria,  540-542 
concentration  of,  in  blood,  473-476 
dosage  of,  465,  467,  471,  473,  476,  497, 
.545-549 

schedules  for,  466,  494 
effect  of — 

adrenalin  on  suppressive  action  of,  470 
prolonged  administration  of,  5.50-556 
withdrawal  of,  468-469 
effectiveness  of : 

compared  with  quinine,  511 
under  combat  conditions,  466,  469 
experimental  field  tests  with,  530 
general  properties  of,  539 
in  falciparum  infections,  469,  470,  496, 
498,  542-544 

in  vivax  infections,  469,  470,  472,  540-542, 
543 

intramuscular  injection  of,  511,  543 
oral  administration  of,  511 
plasma  concentration  of,  510 
research  on.  494 

short-term  administration  of,  reactions  to, 
555-558 

superiority  of,  to  quinine,  525 
toxicity  of,  466,  495,  498,  550-558 
undesirable  effects  of,  476-477 
untoward  reactions  attributable  to,  553- 
555 

See  also  Quinacrine  hydrochloride. 
Atabrine  dermatitis  complex,  553-555 
Atabrine  suppressive  therapy,  494 

continuation  of,  during  rehabilitation  pe¬ 
riods,  469,  471 

contribution  of,  to  troop  effectiveness,  477 

discipline  in  relation  to,  495 

early  failure  of,  466-468 

effect  of,  on  parasite  species,  469-470 

effect  of  physical  activity  upon,  480 

effects  of  withdrawal  of,  468-469 

institution  of,  501 

long-term  clinical  experience  with,  471-472 
principles  of  regimen  of,  539 
result  of,  476 
study  on,  466 
toxic  reactions  to,  495 
Atelectasis,  in  Q  fever,  107 
Athens,  51,  105 


Atlantic,  colds  contracted  during  crossing  of, 
6,  15 

Atla.s,  L.  T.,  3 
Atropinization,  in  mumps,  38 
Attack  rates,  for  malaria,  454,  455,  456,  457, 
458 

Atypical  lesions  of  diphtheritic  infection,  287- 
288 

See  also  Diphtheritic  lesions. 

Atypical  Pneumonia  Board,  European  thea¬ 
ter,  21,  22 

Atypical  pneumonia,  primary,  16-26 
reporting  of,  20,  23 
See  also  Primary  atypical  pneumonia. 
Auckland,  279 

Aureomycin,  effectiveness  of,  in — 
bacteremia,  269 
Q  fever,  109 
meningitis,  269,  273 
scrub  typhus,  139 

Australia,  8,  10,  42,  95,  103,  108,  111,  123, 
360,  466,  470,  498,  560,  572,  574 
outbreak  of  dengue  in,  60-61 
Australian  Armed  Forces,  in  New  Guinea, 
112 

Australian  General  Hospital,  2/9th,  113 
Austria,  84 

Autopsy  findings,  in  scrub  typhus,  115,  116 
Auxiliary  Surgical  Group,  1st,  341 
Avertin,  102 
Axis  Powers,  493 

Aycock,  Col.  Geobge  F.,  382,  384 
Azotemia: 

associated  with  typhus  fever,  152,  220 
in  murine  typhus,  222 

Babinski’s  sign,  88 
Bacillary  dysentery,  243,  491 
Backache: 

in  acute  attack  of  malaria,  481 
in  murine  typhus,  221 
Back  pain,  severe,  in  poliomyelitis,  94,  97 
Bacteremia,  27,  244,  260 
diagnosis  of,  261 

fulminant  meningococcal,  244-246,  249- 
256 

antiserum  in,  239 
rash  in,  245-246 
symptoms,  244-245 
treatment  of,  271-273 
with  adrenal  hemorrhage,  252-253 
without  adrenal  hemorrhage,  249-252 
transition  from,  to  meningitis,  248-249 
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Bacteria : 

associated  with  Corynebacterium  diphlhe- 
riae,  in  cutaneous  lesions,  292 
relationship  of,  to  virus  in  common  cold,  3 
Bacterial  pneumonia,  26-32 
admissions  for,  27 
complicating  typhus,  220,  222 
deaths  due  to,  243 
effect  of — 
antibiotics  on,  31 
sulfonamides  on,  31 
epidemics  of,  29 

in  continental  United  States,  28-31 
in  European  theater,  31 
in  Mediterranean  theater,  32 
in  oversea  theaters,  31-32 
incidence  of,  29,  31 
introduction,  26-28 
See  also  Pneumonia. 

Bacteriological  media,  for  recovery  of 
Corynebacterium  diphlheriae,  294-295 
Bacteriological  studies,  of  diphtheria,  280 
Bad  Berka,  353 

Badger,  Col.  Theodore  L.,  340,  343,  345, 
347,  349 
Bagnall,  324 
Baguio,  126 
Bain,  324 

Baker,  Col.  Benjamin  M.,  280,  496 
Baker,  M.  P.,  491 
“Balkan  grippe,”  25,  105,  106 
Balkans,  143 
Ball,  D.,  303 
Bancroft,  T.  L.,  59 
Bandicoots,  reservoir  of  Q  fever,  108 
Bang,  498 
Barr4,  J.  A.,  301 
Bat-transmitted  rabies,  102 
Battalion  aid  station,  in  chain  of  evacuation, 
506 

Battalions.  See  Military  units. 

Battle  of  Saipan,  279 
Battle  of  Sicily,  50 
Bayliss,  M.,  586 

Baynb-Jones,  Stanhope,  144,  145,  154,  205 
Bearcroft,  W.  G.  C.,  188 
Bed  rest,  in  treatment  of — 
cutaneous  diphtheria,  305 
rheumatic  fever,  232,  233 
scrub  typhus,  131 
spontaneous  pneumothorax,  47 
tuberculosis,  342 


Bedding,  oiling  of,  to  reduce  airborne  in¬ 
fection,  6 

Bedson,  Sir  Sam  Phillips,  22 
Bell,  E.  J.,  156 

Belsen  Concentration  Camp,  349 
epidemic  of  typhus  fever  in,  154,  168 
Bengtson,  I.  A.,  135,  183,  190 
Bennett,  B.  L.,  138,  179n,  190,  208,  210 
Bensted,  H.  j.,  296,  297,  312 
Benzine  compounds,  arsenated,  in  malaria, 
526 

Benzoic  acid,  196 
Benzyl  benzoate,  for  scabies,  432 
Berlin,  51,  102,  397,  398,  399 
Berman,  B.  B.,  322 
Bernhard,  W.  G.,  261 
Berry,  J.  F.,  134 
Berry,  M.  G.,  124 
BesanQon,  346 

Beta  hemolytic  streptococcus,  sulfonamide- 
resistant  strains  of,  28 
Beyer,  Maj.  Emil  C.,  53 
Bhamo,  129 

Biak,  66,  125,  282,  298,  307 
outbreak  of  scrub  typhus  on,  121-122 
Bicol  Peninsula,  126 
Biro,  W.,  580,  582 
Bismarck  Archipelago,  120,  359 
Bismuth  compounds: 
in  malaria,  528 
in  syphilis,  418 
Biting  habits — 
of  Aedes  scute  Haris,  66 
of  Phlebotomus  papatasii,  53 
Bizerte,  24,  49,  354,  453,  502 
Black  Sea,  52 

Blackouts,  in  relapsing  vivax  malaria,  487 

Bland,  Lt.  Col.  Edward  F.,  125n,  151,  152 

Blankenhain,  353 

Bleecker,  Maj.  Phillip  B.,  502 

Blockley,  393 

Blood: 

concentration  of  .^tabrine  in,  473-476 
concentration  of  sulfadiazine  in,  262 
cultures  of,  in  meningococcal  infectious, 
261 

effect  of  loss  of,  on  suppressive  action  of 
Atabrine,  470 

examination  of,  for  malarial  plasmodia, 
489 

studies  of,  in  diagnosis  of  malaria,  489-490 
whole,  in  treatment  of  malaria,  512 
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Blood  picture,  in — 
dtMiguc,  74 
epidemic  t.vphus,  217 
Japanese  R  enceph»Uitis.  89 
Blackwater  fever,  470,  496,  508.  517,  532 
in  malaria,  486 

Bi.akk,  Dr,  Francis  G.,  116,  117,  118,  119 
Blanc,  Dr.  Georoe.s,  59n,  210 
Blood  smears: 
parasites  in,  476 
thick,  507 

Blood  urea  nitrogen,  in  epidemic  typhus, 
217,  220 

Bloodstri'  'ueningococci  in,  244,  249 

Board  e  Coordination  of  Malariid 

Si  .25,  574 

Board  iiu  Investigation  and  Control  of 
Intluenza  and  Other  Epidemic  Dis- 
ea.ses  in  the  Army,  80,  105,  226,  283,  443 
Boca  Raton  Army  Air  Field.  39 
Body  lice,  epidemic  typhus  transmitted  by, 
143 

Body  temperature.  See  Fever. 

Bombay,  26,  135 
B6ne.  49 

Bones,  tuberculosis  of,  358,  367,  383 
Bougainville,  112,  126,  451 
Bovine  tulK'reulosis,  factor  of,  in  nonpulmo* 
nary  tuberculosis,  367 
Bowdoin.  Dr.  Charles  D..  443 
Brachial  neuritis,  homolateral,  in  malaria, 
485 

Bradley,  B.,  59 
Bradycardia,  76 
in  dengue,  74,  75 
in  Japanese  B  encephalitis,  89 
in  sandfly  fever.  57 
in  scrub  typhus,  127 
Braodon,  J.  H.,  491 
Brain: 

aljscess  of.  100 

due  to  \eisseria  intrnceUularia,  258 
in  meningitis,  258 
involvement  of,  in — 
epidemic  typhus,  216 
Japanese  B  encephalitis,  90 
murine  typhus,  222 

reactions  in,  in  epidemic  and  scrub  typhus, 
170 

Breakthrough,  of  malaria: 
during  suppressive  treatment,  546,  549 
with  quinine,  535 
with  totaquine.  536 


Breeding  index,  of  Aedes  mosquitoes,  64-65 
Brit'ding  placi^s: 

of  Aedes  mosquitoes,  64,  68 
of  sandflies,  .53 
Brill,  Nathan,  201 
Brill's  disease,  201-204.  220 
clinical  picture  of.  202 
diagnosis  of,  202-204 
epidemiology  of,  202 
historical  note  on.  201-202 
incidence  of,  202 
Brisbane.  61 
British  Army,  106,  298 
cutaneous  diphtheria  in,  281 
diphtheria  in,  276,  279 
British  civilian  population,  influenza  in,  15 
British  Eighth  Army,  453,  .504 
British  experience,  with  poliomyelitis,  94 
British  First  Army,  49 
British  Isles,  22,  344,  368 
British  military  forces,  tuberculosis  in,  399- 
403 

British  St'cond  Army,  154 
British  War  Office,  499 
British  West  Indies,  208 
Bronchi,  tuberculosis  of,  369 
Bronchiectasis,  44-45 
different ial  diagnosis  with  tulxTCUlosis,  362 
Bronchitis,  1,  2,  18,  26,  483 
chronic,  42-44 
Bronchogenic  carcinoma,  48 
Bronchopneumonia,  1,  17,  33,  146-147 
See  also  Pneumonia. 

Bronson,  L.  H.,  300 
Brcns,  Col.  Earl  II.,  382 
Bruns  General  Hospital,  380,  384,  386-387 
census  of  tuberculous  patients  in,  386 
designation  of,  as  specialty  center  for 
tuberculosis,  381,  386 
morale  in,  386 

orientation  department,  for  tul)erculoua 
patients,  389 

See  also  Hospitals,  general. 

Brushy  Creek  fever.  See  Fort  Bragg  fever. 
Buchenwald  concentration  camp,  349,  353 
Bidletin  of  Ihe  U.S.  Army  Medical  Depart¬ 
ment,  283,  374,  428,  582 
Bureau  of  State  Services,  U.S.  Public  Health 
Service,  405 

Bureau  of  Tuberculosis,  Department  of 
Health,  New  York  City,  406 
Burma,  111,  112,  127,  128,  129,  279,  451 
cutaneous  diphtheria  in,  281-282 
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Burnet,  investigator  of  epidemic  influenza, 
10 

Burnett,  Capt.  Harry  W.,  Jr.,  341 
Bushnell,  Co).  George  E.,  331,  332 
Bylon,  David,  59 
Byron,  R.  A.,  118 

C-47’s,  use  of,  in  spraying  for  mosquito 
control,  69 

Cachexia,  508,  523-524 
Caesar’s  campaigns,  malaria  in,  449 
Cairo,  94,  135 

Cairo  Fever  Hospital,  Egypt,  145,  157,  159, 
193 

Calcutta,  70,  499 
Callender,  G.  R.,  582 
Calvados,  393 

Cameron,  J.  D.  S.,  297,  312 
Camp  fever.  See  Epidemic  typhus. 
Campinop6tros,  Dr.  J.,  59n,  105 
Camps.  See  Military  installations. 
Campsites,  clearing  of,  as  preventive  meas¬ 
ure  against  scrub  t3q)hu8,  122 
Canada,  82,  95 
Canadian  Army: 
tuberculosis  in,  403-405 
western  equine  encephalomyelitis  in,  82-83 
Canadian  General  Hospital  No.  14,  324 
Canal  Zone,  outbreaks  of  influenza  in,  13 
Cape  Gloucester,  120,  123 
Captured  prisoners  of  war: 
diphtheria  in,  278,  315 
medical  treatment  of,  392-393 
polyneuritis  in,  283 
tuberculosis  in,  393-396 
Carbon  dioxide,  serum  content  of,  in  typhus 
fever,  152 

Carcinoma,  bronchogenic,  48 
Cardiac  malaria,  486 

Cardiovascular  disease,  disability  discharge 
due  to,  339 

Cardiovascular  involvement,  in  epidemic 
typhus,  146 
Carditis: 

associated  with  rheumatic  fever,  231,  236 
complicating  cutaneous  diphtheria,  288, 
302-303 

Care  of  tuberculous  patients,  359 
at  Bruns  General  Hospital,  386 
at  Fitzsimons  General  Hospital,  385 
at  Moore  General  Hospital,  387 
Caribbean  Defense  Command,  infectious 
mononucleosis  in,  40 


Carrier  rate: 

for  hemolytic  streptococcus,  33 
for  nasopharyngeal  diphtheria,  313 
Carriers: 

in  diphtheria,  292 
in  malaria,  476 
Casablanca,  354 
Case  histories: 

epidemic  typhus,  147-151,  158,  159-162, 
165,  166 

Fort  Bragg  fever,  439-440 
malaria,  517-523 
meningitis,  247,  248 
meningococcal  infections,  256 
meningococcemia,  246,  247,  248,  249,  250, 
251 

murine  typhus,  212 
Caserta,  53,  56,  108 
Casey,  A.  V.,  118 
Castaneda,  202 
Catania,  453 

Catarrhal  fever,  in  South  Pacific  Area,  9 
Caughey,  j.  E.,  94 
Causative  agent (s),  of — 

Brill’s  disease,  201 
cerebral  malaria,  499 
epidemic  typhus,  143 
influenza,  10-11 
murine  typhus,  204,  205 
sandfly  fever,  52 
Cblli,  a.,  449 
Cellulitis,  peritonsillar,  4,  7 
Centers  for  treatment  of  tuberculosis,  desig¬ 
nation  of  general  hospitals  as,  381,  382 
See  also  Hospital  centers. 

Central  America,  366 
Central  nervous  system: 
effect  of  Atabrine  on,  556-558 
intolerance  of,  to  Atabrine,  498 
involvement  of,  in — 

epidemic  typhus,  216,  220 
Japanese  B  encephalitis,  SS 
malaria,  485-486,  487 
mumps,  38 
syphilis,  100 

Central  Pacific  Area,  453,  454,  460,  496 
Cephalin  flocculation  reaction,  in  mono¬ 
nucleosis,  39 

Cerebral  malaria,  130,  470,  484-485,  496, 
508,  521-523,  543 
causative  agent  in,  499 
death  due  to,  484,  499 
development  of,  485 
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Cerebral  malaria — Continued 
in  Indiu'Bunna  theater,  498,  499 
incidence  of,  499 

intramuscular  injections  of  quinacrine  in, 
544 

prevalence  of,  485 
temijerature  in,  485 
Cerebrospinal  fluid: 

concetitration  of  sulfadiazine  in,  262 
culture  of,  in  meningococcal  infections, 
260,  261 

meningococci  in,  267 

CertiOcate  of  disability  for  discharge,  237, 
381,  383,  434 

See  also  Disability  separations. 

Cervical  lymphadenitis,  effect  of  sulfadiazine 
on,  6 

Chain  of  evacuation : 
evacuation  hospitals  in,  506-507 
general  hospitals  in,  507-508 
medical  battalions  in,  506 
station  hospitals  in,  508 
Chancroid,  430-431 
diagnosis  of,  430 
treatment  of,  431 
Chanute  Field.  101,  226 
Chemical  Warfare  Service,  69 
Chemotherapeutic  agents,  in  common  cold,  3 
Chemotherapy : 

in  common  upper  respiratory  infections,  9 
in  epidemic  typhus,  195-200 
in  gonorrhea,  411,  412 
in  scrub  typhus,  136-137 
of  malaria,  research  in: 

during  World  War  II,  525-594 
postwar,  594-598 
Chest  pain: 

in  Fort  Bragg  Fever,  437 
in  Q  fever,  106,  107 
Chief  consultants: 
in  medicine,  293,  321 
in  tuberculosis,  349,  350 
Chill,  in — 
dengue  fever,  72 
Fort  Bragg  fever,  437 
meningococcal  infections,  245,  253 
malaria,  481 
Chilliness,  in — 

Fort  Bragg  fever,  437 
Q  fever,  106 
sandfly  fever,  56 
scrub  typhus.  111 
China.  70,  86,  143,  451 


China-Burma-Iudia  theater,  99,  364-365 
453,  454,  45.5,  458,  460 
common  respiratory  infection  in,  8 
cutaneous  diphtheria  in,  276 
dengue  in,  70-71 
influenza  in,  16 
malaria  in,  4.52 

primary  atypical  pneumonia  in,  26 
tubcretilosis  in,  364-365 
Chinese  troops; 

scrub  typhus  in,  127-128 
tuberculosis  in.  364 

Chinese  unit,  22d  Chiiu‘se  Division,  127 
Chloral  hydraU*,  192 
Chloramphenicol,  139,  269,  273 
Chlorguanide,  595 
Chlorides,  serum  content  of : 
in  epidemic  typhus,  217 
in  typhus  fever,  1.52 
Chloromycetin,  139 

Chloroquine  diphosphate,  562-563,  584-585 
absorption,  562 

antimalarial  activity  of,  562-563 
clinical  testing  of,  563 
dosage  schedule  for,  570 
effect  of,  on  relapsing  malaria,  567-568 
effective  plasma  concentrations  of,  563,  568 
general  properties  of,  562 
in  falciparum  malaria,  563,  571-572 
in  vivax  malaria,  563,  ,564,  570-571 
relative  efficiency  of.  569 
representative  treatment  schedules  for,  565 
studies  on  suppressive  efficacy  of,  572-576 
study  of,  at  specialty  center: 
materials  for,  564 
methods  of,  564 
results  of,  56.5-568 
treatment  schedules  for.  564 
superiority  of,  over  quinacrine,  563 
toxicity  of,  574-576 

Chlortetracycline,  effectiveness  of,  in- 
bacteremia,  269 
Q  fever,  109 
meningitis,  269,  273 
scrub  typhus,  139 

Christ  Hospital  Institute  of  Medical  Re¬ 
search,  596 

Chronic  bronchitis,  42-44 
admis-sions  for,  43 
cough  in,  42 
factor  of  climate  in,  42 
management  of,  42-43 
Chronic  malaria.  See  Malaria. 
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Chronic  sinusitis,  1 
Cinchona  alkaloids: 
cinchonidine,  537 
cinchonine,  537 

comparison  of,  with  Atabrine,  538 
dihydroquinine,  537 
quinidine,  537 
quinine,  531-535 
totaquine,  536 
Cinchonidine : 

antimalarial  activity  of,  537 
comparison  of,  with  quinine,  537 
Cinchonine: 

antimalarial  activity  of,  537 
comparison  of,  with  quinine,  537 
Cinchonism,  512,  534 

Circular  letters.  See  Directives,  pertaining 
to  specific  subject. 

Circulars.  See  Directives,  pertaining  to 
specific  subject. 

Circulatory  failure,  peripheral,  in  fulminant 
meningococcal  bacteremia,  271-272 
Civil  War,  American,  225,  329,  330 
Malaria  during,  450 

•ercular  diseases  in  Union  .Xnny  during, 
330 

t  I  Milan  populations: 
dengue  epidemics  in,  63 
diphtheria  in,  278,  310-312 

transmitted  by  military  populations, 
315-319 
influenza  in,  15 

Japanese  B  encephalitis  in,  86-89 
malaria  in,  502 
in  India,  498 
measles  in,  34 
pneumonia  in,  33 
tuberculosis  in,  375 

w’estem  equine  encephalomyelitis  in,  82 
Classical  signs,  of  scrub  typhus,  130 
Clearing  station,  in  chain  of  evacuation,  506 
Cleland,  J.  B.,  59 
Climate: 

effect  of,  on  tuberculosis,  359 
factor  of,  in  respiratory  diseases,  7,  42 
Clinical  aspects,  of  malaria,  479-492 
Clinical  attack  of  malaria,  predisposing 
factors  in,  480 
Clinical  characteristics — 
of  epidemic  typhus,  143 
of  scrub  typhus.  111 
Clinical  course,  of — 
dengue,  75 
influenza,  15 


Clinical  coursts  of — Continued 

primary  atypical  pneumonia,  19,  21,  25 
Q  fever,  107-108 
sandfly  fever,  56-57 
Clinical  experience,  with — 

Atabrine  suppressive  therapy,  471-472 
epidemic  typhus,  145-169 
scrub  typhus,  112-132 
Clinical  features — ■ 
of  Japanese  B  encephalitis,  88 
of  Q  fever,  106-108 
Clinical  findings — 
in  murine  typhus,  208 
in  sandfly  fever,  51 

Clinical  information,  on  rheumatic  fever,  230 
Clinical  manifestations,  of  dengue,  71-76 
“Clinical  malaria,’’  diagnosis  of,  509 
Clinical  pattern — 

of  common  respiratory  diseases,  4 
of  mea.sle8,  32 
Clinical  picture,  of — 

Brill’s  disease,  202 

common  upper  respiratory  infections,  3 
exudative  pharyngitis,  4 
poliomyelitis,  94 
rheumatic  fever,  229-231 
scrub  typhus,  112,  113,  118,  128 
Clinical  research,  vaccine  studies,  138,  139 
Clinical  study,  of  scrub  typhus,  1 16 
Clinical  symptoms,  of  malaria,  481-484 
Clinical  trials,  of  antimalarial  drugs,  525-598 
postwar  research  in,  594-598 
Qothing: 

DDT  dusted,  for  protection  against  lice, 
201 

impregnation  of,  as  preventive  measure 
against  scrub  typhus,  122,  127 
CoATNBT,  Dr.  G.  Robert,  594,  597 
Coccidioidomycosis,  1,  47,  439 
complicating  tuberculosis,  383 
differential  diagnosis  with  tuberculosis,  362 
Codeine,  76,  438 
Codeine  therapy,  in  Q  fever,  107 
Cogon  grass,  126 

Cold,  effect  of,  on  suppressive  action  of 
Atabrine,  470 

Cold  hemagglutination,  in  primary  atypical 
pneumonia,  19,  22,  23 
Colds.  See  Common  cold. 

Collapse  therapy,  in  tuberculosis.  See 
Pneumothorax. 

Collecting  station,  in  chain  of  evacuation, 
506 
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Columbia  ruivcreity,  596 

Combat,  factor  of,  in  diphtheritic  lesions, 
286,  312 

Combat  troops,  malaria  in: 
rates,  465,  466,  468 
suppressive  therapy  for,  471 

Commissions,  of  Army  Epidemiological 
Board: 

on  acute  respiratory  diseases,  3,  4,  11,  18, 
19,  20,  105 

on  airborne  infections,  227 
on  hemolytic  streptococcal  infections,  226, 
227 

on  measles  and  mumps,  34-35 
on  neurotropic  virus  diseases,  76,  86,  443 
on  pneumonia,  28,  29 

Committees,  of  National  Research  Council: 
on  medical  research,  525 
on  medicine,  420 

Common  cold,  2 
complications  of,  3 
convalescence  after,  4 
incubation  period  of,  3 
mode  of  transmission  of,  1 
seriousness  of.  in  infants,  3 
treatment  of,  9 
viruses  of,  3 

Common  upper  respiratory  infection,  2-9 
admission  rate  for,  8 
definition  of  term  of,  2 
in  continental  United  States,  5-6 
in  oversea  theaters.  6-9 
incidence  of,  5.  6-9 
introduction,  2-5 
noneffectiveness  due  to,  5-6 
treatment  of,  9 

<See  also  Respiratory  tract,  diseases. 

Communicability,  of — 

infectious  mononucleosis,  39 
measles,  32 
mumps,  35 

primary  atypical  pneumonia,  20,  24 
rubella,  41 

Communicable  diseases.  See  specific  diag¬ 
noses. 

Complement  fixation  test,  in — 

Brill’s  disease,  203 
epidemic  typhus,  183-188 
results  of,  184,  185 
Japanese  B  encephalitis,  83,  86,  89 
lymphocytic  choriomeningitis,  100,  101 
malaria,  490 
scrub  typhus,  134-135 


Complement  fixation  test,  in — Continued 
typhus,  157,  181 
Complications,  of — 
common  cold,  3 

cutaneous  diphtheria,  288,  298-303 
dengue,  75-76 
malaria,  484-487 
mumps,  35-37 
rheumatic  fever,  234-235 
scrub  typhus,  118-119,  131 
tuberculosis,  383 
CoilTE,  143 
Concentration  camps; 
epidemic  typhus  in,  154-155 
tuberculosis  in,  349-353 
Conjunctivitis: 

meningococcal,  259,  260 
mild,  a.s.sociated  with  scrub  typhus,  127 
Connor,  Maj.  Charles  A.  R.,  237 
CONSEIL,  143 
Constantine.  453,  502 

Consultant  in  Infectious  Diseases,  in  Euro¬ 
pean  theater,  14 
Consultant  in  Medicine,  in — 
China-Burma-India  theater,  364 
Mediterranean  theater,  8 
Office  of  the  Surgeon  General,  30 
Sixth  Service  Command,  29 
Sixth  U.S.  Army,  466 

Consultant  in  Tuberculosis,  Office  of  the 
Surgeon  General,  389,  398,  406 
Consumption.  See  Tuberculosis. 
Contact-tracing  program,  for  tuberculosis, 
356-357 

Contagion,  of  nonpulmonary  tuberculosis, 
368 

Continental  United  States.  See  Zone  of 
Interior, 

Control: 

of  diphtheria,  278 

of  rheumatic  fever,  program  for,  237-238 
Convalescence,  after — 
common  cold,  4 
dengue,  72,  75 
Japanese  B  encephalitis,  89 
primary  atypical  pneumonia,  21 
Q  fever,  107-108 
scrub  typhus,  123-125,  131 
Convalescent  centers  for  rheumatic  fever, 
hospitals  designated  as,  233 
Convulsion  (s) : 

Atabrine  as  factor  in,  557 
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Convulsion(a) — Continued 
complication  of  quinine  therapy,  501 
following  intravenous  injections  of  quinine, 
535 

in  cerebral  malaria,  485 
in  scrub  typhus,  131 

Cooperative  Clinical  Studies  Group,  418 
CoBBETT,  Maj.  Austin  J.,  116,  125n 
Cornea: 

edema  of,  in  malaria,  486 
ulceration  of,  in  meningitis,  259 
Corning  fritted  glass  filter,  445 
Corps,  11—49,  103,  495,  507 
Corps  area.  See  Service  command. 

Corps  of  Engineers,  359 
Corsica,  24,  53,  105,  453,  502 
Cortisone,  271,  272 

Corynebacterium  diphtheriae,  8,  32,  275,  280, 
281,  287,  288,  289,  290,  292,  293-294, 
295,  296 

in  skin  lesions,  279 

Corynebacterium  hemolyticum,  319-320 
Corynebacterium  ovis,  292 
Corynebacterium  pyogenes,  292 
Coryza,  483 

in  Fort  Bragg  fever,  437 
Cough,  in — 
bronchiectasis,  45 
chronic  bronchitis,  42 
epidemic  typhus,  216 
Fort  Bragg  fever,  437 
malaria,  483 
murine  typhus,  221,  222 
Q  fever,  106 
tuberculosis,  354 

Council  on  Pharmacy  and  Chemistry, 
American  Medical  Association,  265 
Counseling,  in  care  of  tuberculous  patients, 
389-390 

Course.  Sec  Clinical  course. 

Cox,  H.  R.,  156 
Cox  vaccine,  156 
field  trial  of,  157 
Coxsackie  virus,  100 
Cbaig,  C.  F.,  59 
Craioie,  J.,  156,  183 
Craigie  vaccine,  168,  183 
Cranial  nerve  palsies,  residual  of  cerebral 
malaria,  485 

Cranial  nerves,  paralysis  of,  in  meningococcal 
meningitis,  258 
Crew,  Maj.  Robert  S.,  499 
Criteria,  for  evacuation  to  Zone  of  Interior, 
508 


Crowding  of  troops,  effect  of,  on  incidence 
of — 

meningococcal  infections,  241 
mumps,  37 

respiratory  diseases,  7 
Cuba,  450 

Culex  mosquitoes,  82,  122 
Cidex  quinquefasciatus,  442 
CuixiNAN,  E.  R.,  56 
Culture  medium  (s): 
agar,  294 
Loffler’s,  275,  294 
Tellurite,  295 

Cultures,  Corynebacterium  diphtheriae  in, 
293,  294 

Cutaneous  diphtheria,  275-327 
associated  with  nasopharyngeal  diphtheria, 
312-315 

carditis  in,  288,  302-303 
clinical  findings  associated  with,  295 
complications  of,  288,  298-303 
cost  of,  to  the  Army,  307-308 
diagnosis  of,  288 
methods  of,  293-295 
directive  on,  283 

factors  favorable  for  spread  of,  312 
in  South  Pacific  Area,  279-280 
incidence  of,  275-278,  297-298 
information  concerning,  279-283 
lesions  of : 

bacteriology  of,  288-293 
factors  in  healing  of,  306 
morphology  of,  288-293 
multiplicity  of,  286 
micro-organism  of,  281 
military  problem  of,  275-279 
neuritis  complicating,  299-302 
problems  for  investigation  of,  325-326 
Schick  reaction  in,  296-297 
treatment  of,  304-307 
antitoxin  in,  301-302 
bed  rest  in,  305 
penicillin  in,  305-306 
surgical  measures  in,  306 
See  also  Extracutaneous  diphtheria. 
Cutaneous  lesion  (s) : 
moist  dressings  in  treatment  of,  305 
of  epidemic  t3q)hus,  histology  of,  169-170 
role  of,  in  spread  of  diphtheria,  308-310 
surgical  measures  for  excision  of,  306 
Cutaneous  manifestations,  of  meningococ- 
cemia,  246,  248 

Cutaneous  smears,  meningococci  in,  261 
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Cyanosis,  529 
Czechoslovakia,  84 

Dachau  Concentration  Camp,  180,  197,  220, 
349,  350 

epidemic  of  typhus  in,  155 
D’Agati,  V.  C.,  255 
Daitz,  Maj.  Bernard  D.,  389 
Dakar,  21 1,  212 
D’ Alonzo,  C.  A.,  250 
Da  Rocha-Lima,  143,  156 
Davis,  Maj.  William  A.,  154,  168n 
Davis- Monthan  Field,  233 
Dawber,  T.  R.,  490 
Dawson,  Dr.  M.  Henry,  226 
Days  lost  from  duty.  See  Noneffectiveness. 
Deafness: 

in  epidemic  typhus,  216 
in  murine  typhus,  221 
residual  of  scrub  typhus,  124 
Deatabrinization,  497 
Death(s),  due  to — 
amebiasis,  243 
bacillary  dysentery,  243 
bronchitis,  1 
bronchopneumonia,  1 
cerebral  malaria,  484,  489 
diphtheria,  243,  276,  277 
encephalitis,  83,  85 
endocarditis,  225 
infectious  hepatitis,  243 
inffuenza,  1,  10 
Japanese  B  encephalitis,  89 
lobar  pneumonia,  1,  243 
lung  abscess,  46 
malaria,  243,  450,  460-462,  514 
measles,  1,  32,  35 
meningitis,  7 

meningococcal  infections,  242,  243,  251 
mumps,  36 
pericarditis,  225 
poliomyelitis,  243 

primary  atypical  pneumonia.  21,  243 
rabies,  101 

rheumatic  fever,  231,  232 
rheumatism,  225 

scrub  typhus,  114,  119,  120,  128,  243 
tuberculosis,  243,  354,  360,  375-377 
DDT,  58,  67,  69,  ^ 

use  of,  against  vector  of  epidemic  typhus, 
201 

DeLay,  P.  D.,  105 


Delirium,  in — 
cerebral  malaria,  485 
epidemic  typhus,  216 
meningitis,  270 

Delousing  measures,  in  epidemic  typhus,  201 
Delp,  M.  H.,  300,  303 
‘‘Demalariazation,”  results  of,  496,  497 
Dengue,  50,  59-78,  82 
adenopathy  in,  74 

as  differential  diagnosis  in  malaria,  491 

clinical  manifestations  of,  71-76 

complications  of,  75-76 

convalescence,  72,  75 

course  of,  75 

diagnosis  of,  72,  76 

differential  diagnosis  of,  76 

epidemics  of,  61,  62-66,  70-71 

incidence  of,  60,  63,  65,  67,  68,  70 

investigations  of,  76-78 

military  importance  of,  59,  70,  76 

mode  of  transmission  of,  59 

noneffectiveness  due  to,  65 

onset  of,  72 

outbreaks  of,  60-71 

physical  signs  of,  74-75 

rash  in,  72 

symptoms  of,  72,  74-75 
treatment  of,  76 
vectors  of,  59,  61 
DeOme,  K.  B.,  105 

Department  of  Health,  New  York  City, 
Bureau  of  Tuberculosis  of,  406 
Dermatitis,  exfoliative,  associated  with  Ata- 
brine  suppressive  therapy,  477 
Dermatophytosis,  noneffectiveness  due  to,  37 
Desert  sore.  See  Cutaneous  diphtheria. 
DeS.  Matthews,  Lt.  Col.  Edward,  15,  24, 
25 

Devische  Militdrarzt,  316 
Diabetes,  complicating  tuberculosis,  383 
Diabetic  acidosis,  259 
Diagnosis,  of — 

Brill’s  disease,  202-204 
chancroid,  430 

cutaneous  diphtheria,  293-295 
dengue,  72,  76 
diphtheria,  278 
encephalitis,  83 
epidemic  typhus,  179-192 
gonorrhea,  410,  412 
infectious  mononucleosis,  39 
inffuenza,  16 

lymphocytic  chorion  .lingitis,  100 
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DiagnoHis,  of — Continued 
malaria.  482.  489-491,  509 
meningococcal  infections,  260-261 
pancreatitis,  36 
poliomyelitis,  94,  97-98 
primary  atypical  pneumonia,  20,  21-22 
Q  fever,  103,  104 
rubella,  41 

sandfly  fever,  49,  50,  51,  56-57 
scrub  typhus,  113,  125.  133-136 
tuberculosis,  358-359,  361,  362,  364 
Diagnostic  aids: 
in  epidemic  typhus,  179-192 
in  murine  typhus,  213-215 
Diagnostic  test  for  typhus,  development  of, 
179 

Diarrhea: 

in  suppressive  malaria  therapy,  466,  495, 
556 

severity  of,  in  falciparum  malaria,  483 
Diet: 

in  epidemic  typhus,  153,  192 
for  tuberculous  patients,  379 
Dieuaide,  Col.  Francis  R.,  283,  581,  582 
Digitalis,  479 
Dihydroquinine: 

comparison  of,  with  quinine,  537 
in  vivax  malaria,  537 
Dillon,  Maj.  John  A.,  500 
Dimethyl  phthalate,  clothing  impregnated 
with,  122,  127 
Dimond,  E.  G.,  303 
Dingle,  Dr.  John  H,,  3,  18,  240n 
Diphtheria,  279-319 
complications  of,  298-303 
diphtheritic  neuritis,  299-302 
incidence  of,  298-299,  305 
deaths  due  to,  243,  276,  277 
directives  on,  278,  279,  282,  283.  See  also 
Directives,  pertaining  to  diphtheria, 
epidemics  of,  317 
faucial,  298 

immunization  in,  278-279 
in  combat  units,  279,  280,  304,  312,  313, 
314 

in  German  prisoners  of  war,  278,  315 
in  oversea  theaters,  279-282 
in  the  Tropics,  310-312 
in  Zone  of  Interior,  282-283 
incidence  of,  276-278 
myocarditis  in,  302 
nasal,  275 


Diphtheria — Con  tin  ued 

nasopharyngeal,  280,  281,  282 
associated  with  cutaneous,  312-315 
carrier  rate  of,  313 
penicillin  in,  321-325 
pharyngeal,  275,  297,  299 
summary,  320-327 

transmission  of,  from  military  to  civilian 
populations,  315-319 
See  also  Cutaneous  diphtheria. 

Diphtheria  antitoxin,  295 
Diphtheria  carriers,  penicillin  in  treatment 
of,  322 

Diphtheritic  le.sions: 
healing  of,  284 
morphology  of,  284-288 

in  relation  to  bacteriology  of,  288-293 
multiplicity  of,  286 

Schick  reactions  of  individuals  with,  296 
Diphtheritic  neuritis.  See  Neuritis. 
Diphtheritic  paronychias,  287 
Diphtheritic  polyneuritis.  See  Polyneuritis. 
Diphtheroids,  294,  297 
Diplopia,  in  cerebral  malaria,  485 
Directives,  pertaining  to — 
diphtheria: 

Circular  Letter  No.  69,  Office  of  the 
Chief  Surgeon,  European  theater,  28 
Sept.  1945,  278 

Medical  Circular  Letter  No.  5,  Head¬ 
quarters,  USAFSPA,  20  Oct.  1943, 
279 

Medical  Circular  Letter  No.  14,  Head¬ 
quarters,  USAFSPA,  5  Jan.  1944,  279 
TB  MED  143,  February  1945,  283 
Technical  Bulletin  No.  17,  Office  of  the 
Chief  Surgeon,  USAFFE,  23  Oct. 
1944,  282 

discharge  of  patients  to  Veterans’  Ad¬ 
ministration: 

War  Department  Circular  No.  109,  26 
.Apr.  1943,  383 

establishment  of  specialized  centers: 
Circular  No.  456,  Army  Service  Forces. 
29  Dec.  1945,  387 
Japanese  B  encephalitis: 

TB  MED  181,  July  1945,  86 
TB  MED  181,  6  Apr.  1947,  88 
lymphocytic  choriomeningitis: 

Circular  Letter  No.  107,  21  Oct.  1941, 

100,  101 

Circular  Letter  No.  74,  19  Mar.  1943, 

100,  101 

TB  MED  212,  16  Jan.  1946,  100,  101 
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Din'ctives,  p<‘rtaii)jng  to — Continued 
malaria: 

Circular  Letter  No.  6,  Office  of  the 
Surgeon.  NATOUSA,  10  Apr.  1943, 

509,  510 

Circular  Letter  No.  10,  Office  of  the 
Surgeon,  NATOUSA,  15  Feb.  1944, 

510,  511 

C'ircular  Letter  No.  21,  Office  of  the 
Surgeon,  NATOUSA,  3  Apr.  1944, 508 
Circular  Letter  No.  32,  Office  of  the 
Surgeon,  NATOUSA,  3  Sept.  1943, 
510 

Circular  Letter  No.  33,  Office  of  the 
Surgeon  tJeneral,  U.S.  .\rmy,  2  Feb. 
1943,  500 

Circular  Letter  No.  34,  Office  of  the 
Surgeon,  NATOUSA,  14  Sept.  1943, 
510,  511 

Circular  Letter  No.  41,  Office  of  the 
Surgeon,  NATOUSA,  29  July  1944, 
510 

Circular  Letter  No.  56,  Office  of  the 
Surgeon  General,  U.S.  Army,  9  June 

1941,  465,  499 

Circular  Letter  No.  135,  Office  of  the 
Surgeon  General,  U.S.  Army,  21  Oct. 

1942,  499,  500 

Circular  Letter  No.  153,  Office  of  the 
Surgeon  General,  U.S.  Army,  19  Aug. 

1943,  500,  540,  546 
meningococcal  infections: 

Circular  Letter  No.  170,  Office  of  the 
Surgeon  General,  U.S.  Army,  30 
Sept.  1943,  242,  261,  269 
TB  MED  9,  12  Feb.  1944,  266 
neurotropic  virus  diseases: 

Circular  Letter  No.  74,  Office  of  the 
Surgeon  General,  U.S.  Army,  19  Mar. 
1943,  79,  100 

Circular  Letter  No.  107,  Office  of  the 
Surgeon  General,  U.S.  Army,  21  Oct. 
1941,  100 

TB  MED  181,  1945  and  1947,  86,  88 
TB  MED  212,  16  Jan.  1946,  79, 100,  101 
penicillin : 

Administrative  Memorandum  No.  151, 
Office  of  the  Chief  Surgeon,  European 
theater,  27  Nov.  1944,  321 
pleurisy  with  effusion : 

TB  MED  71,  28  July  1944,  370 
purchase  of  milk: 

Circular  No.  40,  Headquarters,  Euro¬ 
pean  theater,  5  Sept.  1942,  368 


Directives,  pertaining  to — Continued 
purchase  of  milk — Continued 

Circular  No.  72,  Headquarters,  Euro¬ 
pean  theater,  10  Nov.  1942,  368 
rheumatic  fever: 

AAF  Letter  25-7,  29  Apr.  1944,  233,  236 
Circular  D'tter  No.  144,  Office  of  the 
Surgeon  General,  U.S.  .\rmy,  7  Aug. 
1943.  236 

TB  MED  97,  29  Sept.  1944,  232,  236 
TB  MED  112,  1  Nov.  1944,  227 
scrub  typhus: 

Technical  Memorandum  No.  10,  He;id- 
quarters,  USAFFE,  29  Aug.  1944,  124 
strt‘ptococcal  infections: 

Circular  Letter  No.  16,  Office  of  the 
Surgeon,  NATOUSA,  22  Mar.  1944, 
7-8 

TB  MED  112,  1  Nov.  1944,  227 
sulfonamides: 

Circular  Letter  No.  170,  Office  of  the 
Surgeon  General,  U.S.  Army,  30 
Sept.  1943,  242 
tuberculosis: 

AR  40-1080,  31  Dec.  1934  and  10  Dec. 
1943,  406 

AR  615-361,  14  May  1947,  375,  388 
Circular  Letter  No.  100,  Office  of  the 
Chief  Surgeon,  European  theater,  25 
July  1944,  342 

Circular  Letter  No.  102,  Office  of  the 
Chief  Surgeon,  European  theater,  4 
Aug.  1944,  342 

Circular  Letter  No.  10,  Port  Surgeon, 
New  York  Port  of  Embarkation,  26 
Mar.  1945,  378,  379 

Circular  No.  40,  Headquarters,  Euro¬ 
pean  theater,  5  Sept.  1942,  368 
Circular  No.  41,  Office  of  the  Surgeon, 
NATOUSA,  29  July  1944,  356 
Circular  No.  72,  Headquarters,  Euro¬ 
pean  theater,  10  Nov.  1942,  368 
Circular  No.  342,  Army  Service  Forces, 
14  Oct.  1944,  394 

Circular  No.  456,  Army  Service  Forces, 
29  Dec.  1945,  387 
TB  MED  71,  28  July  1944,  370 
TB  MED  221,  29  Apr.  1946,  388 
TB  MED  222,  16  May  1946,  389 
War  Department  Circular  No.  313,  24 
July  1944,  406 

War  Department  Prisoner  of  War 
Circular  No.  11,  8  Feb.  1944,  393 
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Directives,  pertaining  to — Contimu'd 
venereal  diseases: 

AR  40-235,  30  Dec.  1924,  429 
AR  40-235,  11  Oct.  1939,  413 
Circular  Letter  No.  18,  Office  of  the 
Surgeon  General,  U.S.  Army,  10 

Mar.  1941,  409,  410,  411,  412,  413, 
418,  419 

Circular  Letter  No.  32,  Office  of  the 
Surgeon  General,  U.S.  Army,  1  Feb. 
1943,  414 

Circular  Letter  No.  74,  Office  of  the 
Surgeon  General,  U.S.  Army,  25 

July  1942,  412,  413,  419,  427 
Circular  Letter  No.  86,  Office  of  the 
Surgeon  General,  U.S.  Army,  18 

Aug.  1942,  412 

Circular  Letter  No.  93,  Offict*  of  the 
Surgeon  General,  U.S.  .\rmy,  30  .\pr. 
1943,  427 

Circula.  Letter  No.  97,  Office  of  the 
Surgeon  General,  U.S.  Army,  12  May 
1943,  413 

Circular  Letter  No.  129,  Office  of  the 
Surgeon  General,  U.S.  Army,  22 

July  1943,  413,  416 

Circular  Letter  No.  195,  Office  of  the 
Surgeon  General.  U.S.  Army,  1  Dec. 
1943,  409 

Circular  No.  2,  Office  of  the  Surgeon 
General.  U.S.  Army,  13  Dec.  1910,  428 
Circular  No.  3,  Office  of  the  Surgeon 
General,  U.S.  Army,  3  June  1911,  428 
TB  MED  3,  11  Jan.  1944,  429 
TB  MED  9,  12  Feb.  1944,  415 
TB  MED  16,  6  Mar.  1944,  415 
TB  MED  48,  31  May  1944,  427 
TB  MED  96,  21  Sept.  1944,  415 
TB  MED  106,  11  Oct.  1944,  425 
TB  MED  157,  Aprfl  1945,  430 
TB  MED  196,  20  Aug.  1945,  416 
TB  MED  198,  20  Aug.  1945.  425 
War  Department  General  Orders  No. 
6,  13  Feb.  1923,  429 
Disability  separations,  due  to — 
asthma,  44 
bronchiectasis,  45 
cardiovascular  disease,  339 
diseases  of  the  ear,  339 
duodenal  ulcer,  339 
meningococcal  infection,  270 
rheumatic  fever,  236,  237 
sandfly  fever,  55 
spontaneous  pneumothora:;',  47 


Disability  .separations,  due  to — Continued 
tuberculosis,  329,  332,  334-339 
Discharge  rate,  for  tuberculosis,  338-339 
Disease  (s) : 
deaths  from,  1 

disability  separations  for,  332,  339 
miteborne,  111-142 
of  military  important,  59,  70,  76 
of  respiratory  tract,  1-48 
Disorientation : 

in  falciparum  malaria,  484 
in  Japanese  B  encephalitis,  88 
Discipline,  in  relation  to  Atabrine  suppre.s- 
sive  therapy,  495 

Disposition,  change  in,  in  falciparum  ma¬ 
laria,  484 

Disposition,  of  patients: 
after  rheumatic  fever,  233,  236-237 
with  asthma,  43-44 
witn  malaria,  516 
with  scrub  typhus.  123  125 
with  sandfly  fever,  53-55 
with  tuberculosis,  341-342,  355-356 
Diuresis,  spontaneous,  in  scrub  typhus,  131 
Division  of  Medical  Sciences,  National  Re¬ 
search  Council,  94,  136,  493 
Committee  on  Pathology  of,  171 
Office  of  Medical  Information  of,  374 
Division  of  Virus  and  Rickettsial  Diseases, 
Medical  Department  Professional  Service 
Schools,  179,  180,  184 
Divisions.  See  Military  units. 

Dizziness: 

associated  with  dengue,  72 
following  totaquine  treatment,  536 
Dobodura,  113,  116,  120 
Doerb,  R.,  52 

Dorland,  Brigadier,  of  British  -Army,  298 
Dorsetshire,  23 

Dosage,  of  Atabrine,  for  effective  suppressive 
therapy,  466-467,  473-476,  497,  498,  545- 
549 

Dowling,  H.  F.,  263 

Dressings,  moist,  for  cutaneous  diphtheria 
lesions,  305 
Drinker  respirator,  98 
Drowsiness,  in  falciparum  malaria,  484 
Drugs,  antimalarial: 

Atabrine.  See  Atabrine;  Quinacrine  hy¬ 
drochloride, 
chlorguanide,  595 

chloroquine  diphosphate,  562-563.  584-585 
clinical  trials  of,  525-598 
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Drugs,  antimalarial — Continued 
effectiveness  of,  500-501,  532,  536,  541, 
542,  543,  548,  560,  563,  573,  574 
Fraxine,  499 

oxychloroquine,  577-578 
pentaquine,  592,  594 

Plasmochin  naphthoate,  501,  511,  579-592 
primethamine,  598 

quinine,  493,  496,  501,  511-512,  531-535 
Sontochin,  559-562 
Sontoquine,  512 
totaquine,  536 

toxic  reactions  of,  501,  536,  550-558,  561, 
574-576,  585-589 
Ducrey  bacillus,  430 
Dudley,  S.  F.,  292n,  296,  298 
Dumas,  J.,  59 

Duncan,  Col.  Garfielo  G.,  466,  498 
Duodenal  ulcer,  disability  discharge  due  to, 
339 

Durieux,  212 
Du.st,  factor  of — 
in  asthma,  43 
in  Q  fever,  105,  108,  109 
Dyer,  R.  E.,  108,  204 
Dyspnea,  in — 

cutaneous  diphtheria,  303 
epidemic  typhus,  216 
relapsing  vivax  malaria,  487 

Eagle  test,  for  malaria,  490 
Ear,  diseases  of,  disability  discharge  due  to, 
339 

East  Anglia,  15,  41 

Eastern  equine  encephalomyelitis,  79,  82 
Echo  virus,  100 
Ecke,  R.  S.,  157,  159,  197 
Ecthyma.  See  Cutaneous  diphtheria. 

Efate,  451 

Egypt,  94,  180,  220,  275,  318 
epidemic  typhus  in,  145 
Egyptian  Government,  Ministry  of  Public 
Health  of,  145-146,  157 
8-aminoquinoline  compounds,  579-592 
discussion,  589-591 
clinical  use,  590-591 
further  study,  591 
historical  review,  579-582 
prewar  studies,  580-581 
recommendations  for  therapeutic  use, 
588-589 

studv  at  a  specialty  center,  582-585 
na- erial  and  methods,  583 
results,  583-585 


8-aminoquinoline  compounds — Continued 
summary,  582,  592 
toxicity,  585-589 

clinical  experience,  585-588 
wartime  studies,  581-582 
Elberfeld,  559 

El  tabardillo  (Spanish).  See  Epidemic 
typhus. 

Embaba  Hospital,  157 
Emirau,  451 

Emperor  Frederick  I,  449 
Emphysema,  pulmonary,  48 
Empyema,  in  lobar  pneumonia,  31 
Enanthem,  of  dengue,  72 
Encephalitis,  22 

complement  ffxation  test  in,  83,  89 
deaths  due  to,  83,  85 
diagnosis  of,  83 
epidemics  of,  81,  82 

Japanese  B.  See  Japanese  B  encephalitis. 

lethargica,  80,  89 

neutralization  test  in,  83,  89 

resemblance  of  cerebral  malaria  to,  485 

Russian  spring-summer,  79,  82 

St,  Louis,  79,  81,  88 

Venezuelan,  79 

Encephalomyelitis,  equine,  79,  80,  82,  88 
Endemic  areas — 
of  Japanese  B  encephalitis,  86 
of  Q  fever,  108 
Endemic  typhus,  204-215 
See  also  Murine  typhus. 

Endemicity — 

of  murine  typhus,  209 
of  sandfly  fever,  49 
Endocarditis: 
bacterial,  491 
death  due  to,  225 
Enemy  military  units: 

Afrika  Corps,  313,  316 
15th  Panzer  Division,  316 
21st  Panzer  Division,  316 
England,  7,  9,  15,  16,  17,  23,  38,  42,  344,  349 
influenza  epidemics  in,  14 
Enlistment  stations,  331 
F]nterocolitis,  tuberculous,  383 
Environmental  factors,  in  precipitation  of 
malarial  paroxysm,  480 
Epidemic  (s),  of — 
dengue: 

in  Australia,  60-61 
in  China-Burma-India  theater,  70-71 
in  Hawaiian  Islands,  63-65 
in  New  Caledonia,  63 
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Epidemic (s),  of — Continued 
dengue — Continued 
in  New  Guinea,  65-68 
in  New  Hebrides,  62-63 
in  Philippine  Islands,  65-68 
in  Saipan,  68-70 
diphtheria,  317 
encephalitis,  81,  82 
epidemic  typhus: 

conditions  predisposing  to,  144 
in  civilian  populations,  145,  155 
in  concentration  camps,  154-155,  169 
in  Italy,  154 
infectious  hepatitis,  495 
infectious  mononucleosis,  40 
influenza,  9-10,  11,  12,  14 
meningococcal  meningitis,  239 
mumps,  37 
pneumonia,  29 
poliomyelitis,  93,  96-97 
Q  fever,  103-106 
in  Greece,  105-106 
rheumatic  fever,  227 
sandfly  fever,  50,  56 
scarlet  fever,  226 
scrub  typhus,  120,  121 
streptococcal  infections,  227 
typhus  fever,  143 
Epidemic  influenza,  10,  11,  14 
See  also  Influenza. 

Epidemic  parotitis.  See  Mumps. 

Epidemic  typhus,  143-201 
antibodies,  179,  180,  184,  185,  186,  190 
Brill’s  disease  following,  201-204 
case  histories,  147-151,  158,  159-162,  165, 
166 

causative  agent  of,  143 
clinical  characteristics  of,  143 
clinical  experience  with,  145-169 

in  nonvaccinated  individuals,  145-155 
in  vaccinated  individuals,  156-169 
complications  of,  220 
diagnosis  of: 

complement  fixation  tests  with  rick¬ 
ettsial  antigens  in,  183-188 
laboratory  aids  in,  179-192 
neutralizing  antibody  test  in,  189-190, 
191 

rickettsial  agglutination  in,  188-189 
strain  isolation  and  identification  in, 
190-192 

Weil-Felix  test  in,  179-183 
dietary  management  of  patients  with,  153 
epidemics  of,  144,  145,  154-155 


Epidemic  typhus — Continued 
epidemiology  of,  143-144 
histology  of  cutaneous  lesion  of,  169-170 
historical  role  of,  143 
immunization  in,  156,  163,  164 
in  concentration  camps,  154-155,  169 
in  Egypt,  145 

in  French  North  Africa,  145 
in  Iran,  145 
incidence  of,  146 
lesion  of,  152 
metabolic  studies  of,  152 
mode  of  transmission  of,  143 
morbidity,  156 

neutralizing  antibody  test  in,  189-190,  191 
pathological  physiology  of,  151 
pathology  of,  169-172 
prophylaxis,  201 

protective  measures  against,  156 
rickettsiae  of,  143 
serological  findings  in,  186,  187 
severity  of,  146 
summary,  215-223 

clinical  picture,  215-217 
diagnosis,  217 
immunity,  220 
natural  course,  220 
prophylaxis,  221 
relapse,  220 
therapy,  221 
symptoms  of,  146 
treatment  of,  192-201 
antibiotics,  194-195 
chemotherapy,  195-200 
serotherapy,  192-194 
supportive  therapy,  192 
vaccine: 

Cox  (U.S.  Army),  156-167,  187 
Craigie  (British  Army),  168 
Epidemiological  study,  of  scrub  typhus,  1 19 
Epidemiology,  of — 

Brill’s  disease,  202 
Fort  Bragg  fever,  442 
murine  typhus,  204-205 
Q  fever,  108-109 
rheumatic  fever,  228-229 
sandfly  fever,  53-55 
tuberculosis,  356-357 
typhus  fever,  143-144 
Epidermophyton,  280 

Epigastric  distress,  symptom  of  totaquine 
treatment,  536 

Epinephrine,  effect  of,  on  suppressive  action 
of  Atabrine,  470 
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Equino  encephaloinyelilis: 
eastern,  7t),  82 
western,  79,  80,  82,  88 
Eritrea  95 

Erkknrlck,  Col.  Verno.n’  J.,  268 
Eruptive  fever.  See  Scrub  typhus. 
Erythema  multifonne,  247 
in  malaria,  517 
Erythema  nodosum,  438 
Eschar: 

of  cutaneous  diphtheria,  284 
of  scrub  typhus.  111,  113,  115,  117,  126 
Esplritu  Santo,  62,  279,  280,  451 
Essential  Technical  Medical  Data  reports, 
51,  500 

Etiological  agent,  of — 
dengue,  59 

infectious  mononucleosis,  39 
Japanese  B  encephalitis,  86 
malaria,  455 
Etiology : 

of  Fort  Bragg  fever,  443 
sandfly  fever,  52-53 

ETOUSA  (European  Theater  of  Operations, 
U.S.  Army).  See  European  theater. 
Europe,  84,  95,  450 
European  theater,  91,  99,  102,  410 
bacterial  pneumonia  in,  31 
chief  consultant  in  medicine  in,  293 
diphtheria  in,  275,  276 
infectious  mononucleosis  in,  41 
influenza  in,  14-15 
malaria  in,  453 
measles  in,  35 
meningitis  in,  241 

plan  for  management  of  venereal  diseases 
in,  425 

primary  atypical  pneumonia  in,  21-23 
respiratory  disea.ses  in,  7,  15 
rheumatic  fever  in,  229 
senior  consultant  in  infectious  diseases  in, 
14 

shortage  of  X-ray  film  in,  391 
syphilis  in,  422-423,  425 
tuberculosis  in,  339-353 
disposition  of  patients  with,  341-342 
hospital  admissions,  340 
in  Army  Air  Forces  personnel,  343-344 
in  concentration  camps,  349-353 
in  nurses,  342-343 

in  recovered  prisoners  of  war,  344-349, 
391,  392 

incidence  rates,  339-341 


Evacuation; 

for  poliomyelitis,  98 
methods  of,  357 

of  tuberculous  patients,  360,  362,  364 
general  principles  of,  378-381 
policy  for,  342 
Evacuation  hospitals: 

cas«‘s  of  cerebral  malaria  in,  485 
Chinest'  patients  treated  in,  499,  500 
in  chain  of  evacuation,  506-507 
malaria  patients  in,  506 
evacuation  policies  for,  507 
|)eriod  of  hospitalization  for,  508-509 
role  of,  in  processing  liberated  j)risoners, 
350-353 

See  also  Ho.spitals,  evacuation. 

Evans.  E.  C.,  118 
Evans,  K.  L.,  208 
E.\amination(s),  at  induction: 
physical,  45,  331 

roentgenographic,  2,  45,  331,  334 
Exanthem : 
of  dengue,  72 
of  epidemic  typhus,  143 
Exanthematous  typhus.  See  Epidemic 
typhus. 

Exerci.se  tolerance  te.sts,  in  scrub  iyphu.s.  123 
Exertion,  factor  of,  in  asthma,  43 
Exhaastion,  factor  of,  in  activating  malaria, 
480 

Extracutaneous  diphtheria,  297-298 

autoinfection  of  na.sopharynx  from  skin, 
298 

incidence,  297-298 

Extrapul monary  tuberculosis,  367-370 
areas  of  involvement  of,  367 
incidence  of,  369 

Eye,  disea.ses  of,  disability  discharge  due  to, 
339 

Facial  neuritis,  in  malaria,  485 
Facilities: 
diagnostic: 

laboratory,  361,  506 
X-ray,  361 

for  reconditioning  programs,  235 
for  .study  of  typhus  fever,  145 
Fainting,  in  falciparum  malaria,  484 
Fairley,  Brigadier  N.  Hamilton,  498 
Falciparum  infections,  studies  of  chloroquine 
diphosphate  in,  571-572 
Falciparum  gametocytemia,  resistant  to 
Atabrine  and  quinine,  sulfadiazine  in 
treatment  of,  512 
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Falciparum  malaria; 
acute  attacks  of,  534,  540 

quinine  hydrochloride  in,  542-545 
quinine  in,  532 
Sontochin  in,  560 
Atabrine  in,  496,  498,  542-545 
cerebral  symptoms  in,  484 
chloroquine  diphosphate  in,  563,  571-574 
deaths  due  to,  461 

effect  of  sulfonamides  upon,  528-529 
factor  of  antimony  compounds  in  precipi¬ 
tating  clinical  attacks  of,  528 
headache  in,  481 

intravenous  injection  of  quinacrine  in,  544 
oxychloroquine  in,  577 
Plasmochin  naphthoate  in,  586 
quinine  in,  532,  534 
See  also  Malaria. 

Far  East,  154,  525 
tuberculosis  in,  366-367 
Fatality.  See  Death (s). 

Fatigability,  in  relapsing  vivax  malaria,  487 
Fatigue: 

in  activating  malaria,  480 
in  Q  fever,  103 
Faucial  diphtheria,  298 
Faucial  pillars,  swelling  of,  in  nonstrepto- 
coccal  exudative  pharyngitis,  7 
Febricula,  55 

Feet,  defects  of,  disability  discharge  due  to, 
339 

Felix,  A.,  179 
Ferry,  N.  S.,  265 
Ferryville,  49,  453,  502 
Fever(s) : 

black  water,  470,  486,  496,  508,  517-518, 
532 

catarrhal,  9 

control  of,  533,  565-566 
Fort  Bragg,  437-448 
pappataci,  506 

prolonged,  of  infectious  mononucleosis,  39 
Q,  103-109 
rheumatic,  225-238 
sandfly,  49-58 
scarlet,  1,  226,  228,  231 
Fever,  in- 

Brill’s  disease,  202 
common  cold,  3,  4 
dengue,  72 

epidemic  typhus,  143 
Fort  Bragg  fever,  437 
malaria,  481,  500,  519,  529,  533 


Fever,  in — Continued 

meningococcal  infections,  253 
poliomyelitis,  94 
Q  fever,  104 
rheumatic  fever,  231 
scrub  typhus,  111,  113,  127 
Feverishness,  in  sandfly  fever,  56 
Fever  of  undetermined  origin,  49,  50,  60,  459 
inciden  ce  of,  53-55,  503 
Fever  therapy  centers,  general  hospitals 
designated  as,  412 
Fibrosis,  pulmonary,  47-48 
Field  artillery.  See  Military  units. 

Field  hospitals,  malaria  patients  in,  period 
of  hospitalization  for,  508-509 
See  also  Hospitals,  field. 

Field  Medical  Bulletin,  499 
Field’s  stain,  in  diagnosis  of  malaria,  509 
Fi^vre  boutonneuse,  109 
Fifth  U.S.  Army,  104,  354,  506,  507 
incidence  of  sandfly  fever  in,  51 
Fiji  Islands,  63,  452,  497 
Finland,  M.,  23 
Finschhafen,  112,  122,  282,  309 
First  Service  Command,  396 
First  U.S.  Army,  353 
First  World  War.  See  World  War  I. 
Fishberg,  M.,  372 

Fitzsimons  General  Hospital,  382-386 
activity  of — 

during  1942,  382-383 
during  1943,  383 
during  1944,  383-384 
during  1945,  385 
during  war  period,  385-386 
census  of  tuberculous  patients  at,  385 
designation  of,  as  specialty  center  for 
tuberculosis,  381 
discharge  from,  385 
morale  at,  385 
retirement  from,  385 

Section  for  Research  on  Minimal  Tubercu¬ 
losis  of,  379-380,  384 
tuberculous  captured  prisoners  of  war 
treated  at,  394 
See  also  Hospitals,  general. 

Flealmrne  murine  typhus.  See  Murine 
typhus. 

Fleas,  in  transmission  of  murine  typhus,  204 
Fleck,  S.,  278n,  316 

Fleckfieber  (German).  See  Epidemic  ty¬ 
phus. 

Fletcher,  W.,  133 
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Flexner,  S.,  239 

Flight  rangeis,  of  Aedes  mosquitoes,  64 
Floors: 

oiling  of,  to  reduce  airborne  infections,  6 
sanding  of,  as  preventive  measure  against 
scrub  typhus,  122 
Florence,  103,  104,  105,  502 
Fluid  balance: 
in  meningitis,  269 
in  typhus  fever,  192 
Focus: 

of  scrub  typhus,  123,  126,  127 
of  typhus  fever,  143,  204,  205 
Fontainebleau,  341 
Foodborne  streptococcal  infection,  8 
Forbes,  J.  G.,  312 
Formosa,  81,  86,  111 
Forrester,  J.  S.,  128 
Fort  Bragg  fever,  437-448 
case  reports,  439-440 
differential  diagnosis  in,  441-442 
epidemiological  aspects  of,  442 
etiology  of,  443 
experiments  of,  445 
incubation  period  in,  442,  444 
leukopenia  in,  438 
onset  of,  437 
rash  in,  438 

recognition  of,  as  new  disease,  437-440 
special  investigation  of,  443-446 
symptoms  of,  437 
Forts.  See  Military  installations. 
4-aminoquinoline  compounds,  559-578 
chloroquiue  diphosphate,  562-576 
oxychloroquine,  577-578 
Sontochin,  559-562 

Fourth  Service  Command  Laboratory,  260 
Fox,  Brig.  Gen.  Leon  A.,  135 
Fractions,  of  penicillin,  426 
France,  102,  138,  302,  341,  346,  393,  502 
Francis,  Dr.  Thomas,  Jr.,  12 

investigator  of  epidemic  influenza,  10 
Frankfurt,  398 
Franz,  K.,  52 
Fraxine,  499 

Frei  test,  in  diagnosis  of  lymphogranuloma 
venereum,  431 

French,  Lt.  Col.  .\dam  J.,  96 
French  Army,  330 
French  Morocco,  151,  354 
French  North  Africa,  epidemic  typhus  in, 
145 

French  We.st  A/rica,  211-212 
Friedlander  s  bacillus,  27 


Fuadin,  432 

Fulminant  meningococcal  bacteremia,  249- 
256 

case  history,  253-254 
clinical  course,  253 

Waterhouse-Friderichsen  syndrome  in, 
249,  251,  252,  254-256,  260 
with  adrenal  hemorrhage,  252-253 
with  peripheral  circulatoi^  failure,  treat¬ 
ment  of,  271-272 

without  adrenal  hemorrhage,  249-252 
Fulton,  F.,  138 

F.U.O.  See  Fever  of  undetermined  origin. 
Fursorgestelle,  397 

Furunculosis,  in  epidemic  typhus,  147 

Gall,  E.  A.,  36n,  37 
Gallipoli,  318 
Gametocy  tes : 

action  of  .^tabrine  upon,  476 
carriers  of,  476,  498 
Gammon,  Dr.  George  D.,  283,  300 
Gangrene,  in  epidemic  typhus,  147,  155 
Gargliano  River,  502 

"Garigha”  sores.  See  Cutaneous  diphtheria. 
Gastric  ulcer,  disability  discharge  due  to, 
339 

Gastrointestinal  symptoms,  in  malaria,  520- 
521 

Gastrointestinal  tract: 
effect  of  Atabrine  on,  501,  556 
effect  of  quinine  on,  534 
Gauld,  Lt.  Col.  Ross  L.,  104,  210n 
General  hospitals: 

in  chain  of  evacuation,  507-508 
in  Zone  of  Interior: 

antimalarial  drug  studies  in,  536 
cutaneous  diphtheria  studies  in,  282- 
283 

malaria  patients  in,  485 

period  of  hospitalization  for,  508-509 
treatment  of,  507-508 
tuberculous  patients  in,  381-388 
See  also  Hospitals,  general. 

Geneva  Convention,  395,  396 
Genitourinary  tract: 

diseases  of,  di.sability  discharge  due  to,  339 
tuberculosis  of,  358,  383 
Gentzkow,  C.  j.,  582 

Geographic  distribution,  of  scrub  typhus, 
111,112 
Gerbilles,  136 
Gerbillus  gerbillus,  135,  192 
Gerbilliis  pyramidum,  135,  192 
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Gerhard,  143 
German  Army: 
diphtheria  in,  316 
sandfly  fever  in,  51 
German  measles.  See  Rubella. 

German  military  units.  See  Enemy  military 
units. 

German  prisoners  of  war,  315 

See  also  Captured  prisoners  of  war. 
German  Sanitatsdienst,  396 
Germany,  102,  154,  155,  180,  278,  302,  433, 
559,  579 

diphtheria  in  civilian  populations  in,  316 
G.I.  Bill  of  Rights,  390 
Giddiness,  residual  of  scrub  typhus,  124 
Giemsa  stain,  in  diagnosis  of  malaria,  509 
Gildemeister,  £.,  189,  190 
Gilliam,  A.  G.,  193 
Gilyard,  Maj.  Richard  T.,  102 
Gimbaru,  87 
Glands: 

adrenal,  216 
lymph,  39 
parotid,  35 

Glucosulfone  sodium,  382 
Gluteal  abscesses,  535 
Glycols,  in  air  disinfection,  6 
Glycosuria,  spontaneous,  in  meningococcal 
meningitis,  259 
Gochenoitr,  W.  S.,  Jr.,  447 
Goldberg,  B.,  332 
Goldberger,  201 

Golz,  Lt.  Col.  Harold  H.,  502,  514,  521 
Gonococcal  infections,  noiieffectiveness  due 
to,  37 

Gonorrhea,  410-418 
directives  on,  413,  414 
fever  therapy  for,  412,  413 
management  of,  410,  411,  412 
sulfonamide-resistant,  412,  413 
test  for  cure  of,  411 
treatment  of : 

chemotherapy  in,  411,  412 
on  duty  status,  413-414 
pienicillin  in,  414-418 
Goodenough  Island,  112,  120 
Gordon,  H.  H.,  481 
Gordon,  CoL  John  E.,  21,  102 
Grafelfing,  302 
Granuloma  inguinale,  432 
Great  Britain,  102,  349 
Greece,  25,  103,  108,  180 
outbreak  of  Q  fever  in,  105-106 
Green  Ii<land,  451 


Greiff,  D.,  194,  195,  196,  197 
Grottaglie  Air  Base,  106 
See  also  Army  airfields. 

Grow,  Col.  John  B.,  382 
Guadalcanal,  359,  360,  451,  452,  468,  469, 
496,  497 

Guadalcanal  campaign,  280 
Guam,  86 
Guatemala,  595 
GriLLAiN,  G.,  301 

Guinea  pigs,  in  isolation  of  typhus  fever 
organisms,  191-192 
Gunther,  C.  E.  M.,  112,  113,  483 

Haagen,  E.,  189,  190 
Haflkine  Institute,  135 
Halifax,  240 
Hall,  M.  W.,  59 
Hallmann,  51 
Hamilton,  H.  L.,  190,  195 
Hamilton  Field,  380 
Hamman,  L.,  47 
Hammer  Field,  233 
Hahmon,  Dr.  William  McD.,  82,  87 
Hankow,  70 
Hardgrove,  M.,  587 
Harvard  University,  39 
Hashimoto,  Hakujg,  111 
Hashinoer,  E.  H.,  300 
Hassin  chifusu  (Japanese).  See  Epidemic 
typhus. 

Havens,  204 
Hawaii,  213,  364 

outbreak  of  dengue  in,  63-65 
outbreaks  of  influenza  in,  13 
Hawaiian  Islands,  63-65,  363,  364 
Haymaker,  W.,  90 
Headache,  in — 

Brill’s  disease,  202 
dengue,  72,  76 
epidemic  typhus,  143 
malaria,  481,  487 

meningococcal  bacteremia,  245,  253 
murine  typhus,  221,  222 
poliomyelitis,  97 
Q  fever,  106 
sandfly  fever,  56 
scrub  typhus.  111 
Healing  of  diphtheritic  lesions,  284 
Health  Organization,  League  of  Nations,  429 
Heanza  Shima,  86 

Heart  disease,  valvular,  chronic,  complica¬ 
tion  of  rheumatic  fever,  234 
Heatstroke,  252 
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Hemagglutination,  cold,  in  atypical  pneu¬ 
monia,  19,  22,  23 

Hematuria,  in  meningococceinia,  262,  263, 
269 

Hemiplegia,  rt^idual  of  cerebral  malaria,  485 
Hemolytic  streptococcus,  4,  28,  32,  226 
beta,  8,  13,  275 
carrier  rate,  33 
group  A,  226,  259 
in  common  respiratory  infection,  2 
Hemopkilus  ducreyi,  430 
Hemophilus  inAuentae,  3,  7,  27,  32 

in  common  upp«*r  respiratory  infection,  7 
Hemorrhage,  in  adrenal  glands,  270 
Hemorrhagic  nephritis,  complicating  dengue, 
75 

Henderson,  A.  B.,  586 
Henley-on-Thames,  393 
Hepatic  dysfunction,  in  malaria,  491 
Hepatitis,  7,  16 

infectious,  57,  68,  103,  345,  491 
epidemic  of,  495 

factor  of,  in  activating  malaria,  480 
noneflfectiveness  due  to,  37 
Hepatomegaly,  in  malaria,  482-483,  519 
Herpes  labialis,  in  malaria,  484,  517 
Herpes  simplex,  in  meningococcemia,  246 
Herpes  zoster,  in  meningococcemia,  246,  258 
Herrell,  W,  E.,  415 
Herrick,  W.  W.,  239,  244 
Hertio,  Maj.  Marshall,  53 
Hillman,  Brig.  Gen.  Charles,  93,  95 
Hinton  test,  for  malaria,  490 
Historical  note,  on — 

Brill’s  disease,  201-202 
malaria,  440-451 

meningococcal  infections,  239-240 
Hitchens,  A.  P.,  59 
Hodes,  H.  L.,  86 
Hoooes,  J.  J.,  266 
Hodgkin’s  disease,  491 
Hollandia,  66,  121,  282 
Holman,  D.  V.,  259 
Honolulu,  63 

Hospital  admissions,  for — 
malaria,  503 

meningococcal  infections,  239,  241 
rheumatic  fever,  227 
scrub  typhus,  116,  122,  128 
spontaneous  pneumothorax,  47,  373-374 
tuberculosis,  329,  334,  340,  354,  364,  367 
typhus  fever,  146 
Hospital  Center,  814th,  138 


Hospital  ships,  for  evacuation  of  tutierculous 
patients,  357,  378 
Hospitalization : 
period  of,  for — 
dengue,  75 

malaria,  504,  506-509 
sandfly  fever,  57 
for  tuberculosis,  359 

in  Zone  of  Interior,  378-390 
Hospitals,  evacuation: 

2d,  41 
14th,  499 
15th,  357 
30th,  120,  268 
48th,  365,  499,  500,  501 
59th,  155,  165 
73d,  499,  500,  501 
77th,  49 
92d,  122 
116th,  155 
127th,  350 
Hospitals,  field: 

15th,  103,  104 
26th,  458 
77th,  345 
Hospitals,  general: 
named: 

Baxter,  282,  301 
Birmingham,  229,  233,  236 
Brooke,  97 

Bruns,  380,  381,  384,  394 
Bushnell,  536 

Fitzsimons,  45,  347,  380,  381 
Foster,  229,  233,  236 
Glennan,  394,  395 

Harmon,  282,  293,  296,  304,  306,  309, 
479,  481,  488,  490,  553,  560,  563,  570, 
577 

Kennedy,  536 

Letterman,  48,  283,  309,  360,  391 
Moore,  282,  292,  296,  304,  553,  563,  570, 
573,  579,  582,  589 
Percy  Jones,  45 
Sternberg,  93 
Torney,  229,  233,  237 
Walter  Reed,  417,  446 
numbered: 

6th,  151,  354,  355 
7th,  23 
9th,  282,  298 
12th,  507 
13th,  282,  309 
17th,  354,  515,  516 
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Hospitals,  general — Continued 
numbered — Continued 
20th,  127,  128,  137,  281,  295,  299,  300, 
302,  309,  313,  452,  499,  501,  534,  544, 
549,  572 
24th,  24,  354 
30th,  38 
33d,  511 
38th,  94 

39th,  279,  280,  287,  307,  308 
46th,  346,  349 
54th,  282,  307 
64th,  354 

69th,  281,  297,  299,  313 
105th,  123,  282,  491 
118th,  490 
327th,  393 

8274th  (Provisional),  393 
Hospitals,  station: 

7th,  513 
31st,  536 
90th,  124 
118th,  511 
122d,  280,  298 
159th,  499 
182d,  502,  512,  516 
225th,  502,  512 
233d,  123 
304th,  393 
334th,  393 
362d,  118 
363d,  116,  120 
365th,  341 
7029th,  393 

Host  factors,  in  precipitation  of  malarial 
paroxysm,  480 
Howell,  W.  L.,  123 
Hotne,  a.  L.,  265 

Human  beings,  as  test  subjects.  See 
Volunteers. 

Human  transmission  experiments: 
in  Fort  Bragg  fever,  445,  446 
of  primary  atypical  pneumonia,  18,  19,  20 
Hydration,  in  chronic  malaria,  487 
Hygienic  Institute,  Dairen,  Manchuria,  195 
Htuan,  a.  S..  491 

Hyperhidrosis,  in  cutaneous  diphtheria,  295 
Hyperthyroidism,  484 

Hypoesthesia,  residual  of  scrub  typhus,  124 
Hypochloremia,  associated  with  typhus 
fever,  152 
Hypoglycemia,  272 
Hypopotassemia,  272 


Iceland,  341 

I.  G.  Farbeii  Werke,  559 
Immune  military  personnel,  totaquine  for 
treatment  of  malaria  in,  536 
Immunity,  to — 
influenza,  11,  13,  14 
lobar  pneumonia,  31 
measles,  32 
poliomyelitis,  93,  95 
sandfly  fever,  55-56 
scrub  typhus,  138-139 
Immunization: 

in  diphtheria,  278-279 
in  lobar  pneumonia,  30 
in  measles,  34 
in  scrub  typhus,  137-138 
schedule  of,  in  typhus  fever,  156 
Incidence,  of — 
allergic  disorders,  9 

arthropodborne  virus  encephalitides,  8;i 
common  respiratory  infections,  6-9 
fevers  of  undetermined  origin,  53-55,  503 
meningococcal  infections,  241-244 
pneumonias,  20,  29,  31 
pulmonary  diseases,  2,  340,  341,  371 
streptococcal  infections,  7 
See  oho  specific  diagnoses. 

Incubation  period,  of — 
common  cold,  3 
diphtheritic  neuritis,  301 
Fort  Bragg  fever,  444 
murine  tophus,  221 
primary  atypical  pneumonia,  24 
Q  fever,  104-105 
rabies,  101 
scrub  typhus,  123 

India,  26,  70,  127,  135,  451,  453,  499,  549, 
560,  571,  574,  580,  582,  585 
India-Burma  theater,  284,  543 
establishment  of,  499 
malaria  in,  498-502 
scrub  typhus  in,  127-132 
Indian  Medical  Service,  498 
Indigestion,  in  relapsing  rivax  malaria,  487 
Indochina,  111 
Indonesia,  493 

Inductees,  meningococcal  infections  in,  241 
Induction  stations,  331 
tuberculosis  discovered  during  examina¬ 
tions  at,  405 

Infantry  divisions.  Atabrine  suppressive 
therapy  for  malaria  in,  497 
See  alto  Military  units. 
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Infantry  regiments; 

malaria  in,  471,  496,  497 
Q  fever  in,  104 
scrub  typhus  in,  121 
See  also  Military  units. 

Infants,  common  cold  in,  3 

Infection(s) : 

airborne,  methods  for  reduction  of,  6 
common  upper  respiratory,  2-9 
meningococcal,  239-273 
streptococcal,  7 
Vincent's,  8,  9,  41 

Infectious  encephalitis: 
admissions  for,  84 
deaths  due  to,  85 
See  also  Encephalitis. 

Infectious  hepatitis: 
deaths  due  to,  243 
epidemics  of,  495 
in  recovered  prisoners  of  war,  345 
See  also  Hepatitis. 

Infectious  mononucleosis.  See  Mononucleo¬ 
sis,  infectious. 

Inflammation  of  joints,  in  meningococcal 
infections,  245,  259 

Influenza,  I,  9-16,  57 
antibodies,  11,  13,  14 
caasative  agents  of,  10-11 
clinical  characteristics  of,  12 
clinical  studies  of,  12 
course  of,  15 
deaths  due  to,  10 
diagnosis  of,  16 
differential  diagnosis  of,  76 
epidemics  of,  9-10,  11,  12,  14 
immunity  to,  11,  13,  14 
in  China-Burma-India  theater,  16 
in  European  theater,  14-15 
in  Mediterranean  theater,  15-16 
in  Pacific  areas,  16 
in  Zone  of  Interior,  12-13 
incidence  of,  7,  10,  12,  13,  15,  49 
introduction,  9-12 
recognition  of,  9 
serological  studies,  12 
susceptibility  to,  11,  13 
vaccination  for,  13 
virus  of,  2 

Ingraham,  Dr.  Hollis  S.,  134n,  315 

Inland  Sea,  81 

Inner  Reich,  166 


Insomnia: 
in  dengue,  72,  76 
in  relapsing  vivax  malar!..  tS7 
Institute  for  the  Control  Syphilis,  433 
Insulin,  effect  of,  on  suppressive  action  of 
Atabrine,  470 

Interpandemic  influenza,  10,  11,  12,  14 
See  also  Influenza. 

Invalidism,  32 

chronic,  in  primary  atypical  pneumonia, 
21 

Investigations: 

of  pathology  of  epidemic  typhus,  169-172 
postwar,  of  antimalarial  drugs,  594-598 
Investigators  in  Malaria  Chemotherapy, 
594,  595 
Iran,  366 

epidemic  typhus  in,  145 
Iridocyclitis,  in  malaria,  486 
Iron,  in  treatment  of  malaria,  512 
Irons,  E.  X.,  119 
Isigny,  393 

Italian  prisoners  of  war.  See  Captured 
prisoners  of  w'ar. 

Italy,  8,  24,  25,  53,  103,  105,  106,  107,  108, 
194,  283,  354,  451,  459,  512,  514 
sandfly  fever  during  invasion  of,  50 
Iw'O  Jima,  363,  497 
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Jail  fever.  See  Epidemic  typhus. 
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James,  S.  P.,  592 

Japan,  81,  87,  111,  128,  155,  447 

tuberculosis  in  native  population  of,  366 
Japanese  Anti-Tuberculosis  Association,  366 
Japanese  B  encephalitis,  79,  81 
antibodies,  87 
clinical  features  of,  88 
convalescence  following,  89 
differential  diagnosis  of,  89 
directives  on,  86,  88 
laboratory  findings,  89 
outbreak  of,  on  Okinawa,  86-89 
pathology  of,  90 
signs  of,  88 

supportive  measures  for,  90 
symptoms  of,  88 
therapeutic  measures  for,  90 
vaccine  for,  90 

Japanese  prisoners  of  war.  See  Captured 
prisoners  of  war. 
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Japanese  river  fever.  See  Scrub  typhus. 
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Jaundice,  associated  with  malaria,  519 
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See  also  Military  installations. 
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pain  in,  in  meningococcal  infections,  245, 
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tuberculosis  of,  358 
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Jungle  rot.  See  Cutaneous  diphtheria. 
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Laboratory  (ies).  See  Medical  General  Lab¬ 
oratory. 

Laboratory  aids,  in  diagnosis  of — 
epidemic  typhus: 

complement  fixation  tests,  183-188 
WeU-Felix  test,  170-183 
Japanese  B  encephalitis,  89 
lymphocytic  choriomeningitis,  100 
murine  typhus,  213-215 
scrub  typhus: 

complement  fixation  tests,  134-135 
isolation  of  strains,  135-136 
Weil-Felix  reaction,  133-134 
Laboratory  facilities,  for — 
detection  of  tubercle  bacilli,  358 
diagnosis  of  Japanese  B  encephalitis,  90 
diagnosis  of  tuberculosis,  361 
Laboratory  findings,  in — 

Japanese  B  encephalitis,  89 
murine  typhus,  208 
Q  fever,  108 
scrub  typhus,  130 

Laboratory  procedures,  in  diagnosis  of 
malaria,  489-491,  509 
blood  studies,  489-490 
complement  fixation  test.  490 
parasite  identification,  489 
serological  tests,  490-491 
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See  also  Army  airfields. 

Laparotomy,  in  malaria,  520 
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Leptospira  aulumnalis,  447,  448 
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Lesions,  harboring  Corynebacterium  diph~ 
tkeriae,  characteristics  of,  284-288 
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Lethargy,  in  Japanese  B  encephalitis,  88 
Letterman  General  Hospital,  391 
See  also  Hospitals,  general. 

Leukemia,  acute,  252 
Leukocytes,  diplococci  in,  260,  261 
Leukocytosis,  17 
in  Fort  Bragg  fever,  438 
in  malaria,  489 
in  meningococcemia,  246 
in  respiratory  infections,  9,  13 
Leukopenia,  200 
in  dengue,  74 
in  Fort  Bragg  fever,  438 
in  malaria,  489 
in  sandfly  fever,  57 
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Levine,  H.  D.,  123 
Lewis,  L.,  88 
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Atabrine  suppressive  therapy,  477,  501 
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Lindgren,  a.  J.,  76 
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Lipman,  B.  L.,  118 
Liquor  arsenicalis,  500 
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effect  of  Atabrine  on,  550-551 
involvement  of,  in  malaria,  483 
Livingood,  Maj.  Clarence  S.,  281n,  305 
Livschitz,  j.  M.,  56 
Lobar  pneumonia,  1,  16,  17,  28 
deaths  due  to,  243 
immunity  to,  31 
incidence  of,  21 
prevalence  of,  29 
treatment  of,  30,  32 

See  also  Bacterial  pneumonia;  Pneumonia. 
Lobectomy,  45 
in  tuberculosis,  384,  385 
LOffler,  Friederich,  318 


Loffler  '  medium,  275,  294 
Long,  Col  Esmond  R.,  331,  349,  384 
Longview  State  Hospital,  446 
Loranger,  G.  L.,  209 

Louse  control,  in  prevention  of  epidemic 
typhus,  201 

Louseborne  infection.  See  Epidemic  ty¬ 
phus. 

Louseborne  relapsing  fever,  confusion  of, 
with  typhus,  217 

Lucky  Strike  Camp,  for  recovered  prisoners 
of  war,  345 

See  also  Military  installations. 

Lumbar  puncture,  as  adjuvant  therapy,  in 
meningitis,  270 
Lung  abscess,  45-46 
Lungs: 

involvement  of,  in  epidemic  typhus,  216 
malignant  diseases  of,  48 
Luzon,  67,  112,  125,  126 
Lymph  glands,  enlargement  of.  in  infectious 
mononucleosis,  39 
Lymph  nodes: 

generalized  enlargement  of,  in  scrub 
typhus,  113,  115,  126,  130 
local  swelling  of,  in  cutaneous  diph¬ 
theria,  295 

tuberculosis  of,  358,  367 
Lymphadenitis,  cervical,  6 
Lymphadenopathy,  76,  483 
in  scrub  typhus.  111,  127 
Lymphangitis,  in  cutaneous  diphtheria,  295 
Lymphatic  tissue,  inflammation  of,  4 
Lymphocytic  choriomeningitis,  79,  99-101 
differential  diagnosis  of,  100 
directives  on,  100,  101 
incidence  of,  100 
Lymphocytosis,  in — 
dengue,  74 
epidemic  typhus,  217 
malaria,  489 

Lymphogranuloma  venereum,  431-432 
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M.  &  B.  693.  See  Sulfapyridine. 
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Malaise,  in — 

Brill’s  disease,  202 
epidemic  typhus,  143 
meningococcal  bacteremia,  245 
poliomyelitis,  94 
Q  fever,  106 
rheumatic  fever,  231 
sandfly  fever,  56 
scrub  typhus.  111 

Malaria,  7,  16,  57,  66,  68,  82,  257,  449-463. 
465-477,  479-492,  493-524 
admissions  for,  450,  460 
anemia  in,  487,  490,  501,  508 
attack  rates  for,  454,  455,  456,  457,  458 
blood  picture  in,  489-490 
breakthrough  of,  during  suppressive  treat¬ 
ment,  469,  475,  535,  536 
case  histories,  517-523 
cerebral,  130,  484-485 
chronic,  487-488,  496 
classification  of  patients  with,  508 
clinical  aspects  of,  479-492 
clinical  attacks  of,  468,  471,  480,  498 
clinical  types  of,  504 
complications  of,  484-487 
deaths  due  to,  243,  450,  460-462,  514 
diagnosis  of : 
aids  in,  482 

blood  studies  in,  489-490 
laboratory  evidence  in,  489-491 
laboratory  procedures  in,  509 
parasite  identification  in,  489 
serological  tests  in,  490-491 
differential  diagnosis  in,  76,  491-492 
directives  on,  465,  499,  500,  508,  510,  511, 
540,  546 

drugs  used  in,  toxic  reactions  of,  501 ,  536, 
550-558,  561,  574-576,  585-588 
etiological  agents  of,  455 
factor  of,  in  activating  tuberculosis,  360 
factors  predisposing  to,  480 
historical  note,  449-451 
hospitalization  for,  506-509 
duration  of,  459,  460,  508-509 
in  evacuation  hospitals,  506-507,  509 
in  general  hospitals,  507-508,  509 
in  medical  battalions,  506 
in  station  hospitals,  508,  509 
immunity  to,  489 
in  civilian  populations,  502 
in  India-Burma  theater,  498-502 
in  infantry  divisions,  451-452,  458 
in  Mediterranean  theater,  502-524 


Malaria— Continued 
in  the  Pacific,  495-498 
in  South  Pacific  Area,  495-498 
incidence  of,  453,  503-506 

during  Spanish-American  War,  450 
during  U.S.  Civil  War,  450 
during  World  War  I,  450 
involvement  of  nervous  system  in,  485-486 
lack  of  knowledge  of,  493 
morbidity,  514 
mortality,  514 

noneffectiveness  due  to,  37,  451,  495,  504 
onset  of,  481 

quinine- Atabrine-Plasmochin  treatment 
recommended  for,  510 
readmissions  for,  460 
reclassification  of  patients  with,  508 
relapses  in,  455-459,  488-489 

combined  quinine- Plasmochin  treatment 
on  rate  of,  579-592 
statistics  of,  449-463 
studies  of  liver  function  in,  490-491 
summary,  492 
suppression  of,  465-477 

action  of  sulfamerazine  in,  470,  529 
by  Atabrine  therapy,  466-468 
field  experience  in,  471,  546 
suppressive  treatment  of : 
effect  of  Atabrine  withdrawal  in,  468- 
469 

factors  in  early  failures  of,  466-468 
in  Southwest  Pacific  Area,  498 
symptoms  of,  479,  566 
clinical,  481-484 
prodromal,  481 
transfer  diagnosis  of,  507 
treatment  of,  452,  493-524 
antimony  compounds  in,  528 
arsenicals  in,  526 

Atabrine  in,  465,  466-477,  510-511 
bismuth  compounds  in,  528 
chloroquine  diphosphate  in,  566 
cinchona  alkaloids  in,  531-538 
directives  on,  499,  500,  509-510,  511 
drug  of  choice  in,  531 
effectiveness  of  drugs  used  in,  500-502, 
532,  536,  541,  542,  543,  548,  560,  563, 
573,  574 

in  South  Pacific  Area,  495-498 
introduction,  493-495 
iron,  512 

oxophenarsine  hydrochloride  in,  526 
penicillin  in,  525-526 
plan  of,  500 
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treatment  of — Continued 

Plasmochin  in,  501,  51 1,  579-592 
quinine  in,  510,  531-535 
results  of,  514-517 
Sontochin,  559-562 
Sontoquine  in,  512 
sulfonamides  in,  512,  528-529 
to  reduce  relapse  rate,  513-514 
types  of,  454-455 

Malaria  Committee,  Allied  Force  Headquar¬ 
ters,  494 

Malaria  transmission,  areas  of,  471 
Malaya,  111,  493 
Mallory,  Lt.  Col.  Tracy  B.,  25 
Malnutrition : 

factor  of,  ill  tuberculosis,  345,  392 
in  recovered  prisoners  of  war,  345 
Management,  of — 
asthma,  43 

chronic  bronchitis,  42-43 
primary  atypical  pneumonia,  21 
spontaneous  pneumothorax,  47 
venereal  diseases,  425 
Manchuria,  81,  86,  195 
Manifold,  J.  A.,  581,  585 
Manila,  93,  125,  210 
Manitoba,  82,  85 
Mapharsen,  419,  421,  426 
in  malaria,  526 
Marangoni,  B.  a.,  255 
Marches,  effect  of,  on  suppressive  action  of 
Atabrine,  470 
Marianas  Islands,  68,  284 
Markham  Valley,  112,  120 
Mateur,  49 
Matson,  R.  C.,  331 

Matthew's,  Lt.  Col.  Edward  deS.,  15,  24,  25 
Maxcy,  K.  F.,  204 
Mazzine  test,  490 
McDaniels,  H.  E.,  306,  321 
McDonald,  W.,  59 
McGavack,  T.  H.,  255 
McGui.nness,  a.  C.,  36n,  37 
McLester,  Col.  James  B.,  480,  515 
Meade,  Lt.  Col.  Richard  H.,  382 
Measles,  1,  32-35,  217 
complications  of,  32,  34 
epidemiology,  33-34 
immunity  to,  32 

in  continental  United  States,  34-35 
in  oversea  theaters,  35 
incidence  of,  33 


Measles — Con  t  in  ued 
introduction,  32-34 
susceptibility  to,  32,  34 

“Medical  and  Surgical  History  of  the  War 
of  the  Rebellion,”  329 

Medical  battalions: 
in  chain  of  evacuation,  506 
management  of  malaria  in,  506 

Medical  causes,  for  evacuation: 
asthma,  44 
malaria,  517 

Medical  circular  letters,  pertaining  to  diph¬ 
theria,  279 

See  also  Directives,  pertaining  to  diph¬ 
theria. 

Medical  Consultants  Division,  Office  of  the 
Surgeon  General,  553 
Tropical  Disease  Treatment  Branch  of, 
283 

Medical  Department  Professional  Service 
Schools,  138,  437,  444 
Division  of  Virus  and  Rickettsial  Diseases 
of,  179,  180 

Medical  General  Laboratory: 

1st,  138 

15th,  8,  25,  104,  105 
19th,  96 

Medical  Laboratory: 

2d,  104 
3d,  119 
4th,  302 
6th,  359 
7th,  302 

Medical  Research  and  Development  Board, 
U.S.  Army,  380,  384 

Medical  shock,  complicating  malaria,  486 

Medical  Statistics  Division,  Office  of  the 
Surgeon  General,  2,  395 

Mediterranean  Sea,  52,  53 

Mediterranean  theater,  9,  99,  125,  279, 
453,  455,  458,  459,  479 
bacterial  pneumonia  in,  32 
consultant  in  medicine  in,  8 
common  respiratory  infections  in,  7 
diphtheria  in,  276 
evacuation  policy  in,  507 
fever  of  undetermined  origin  in,  53-55 
influenza  in,  15-16 
malaria  in,  453,  502-524 

Atabrine  for  suppression  of,  494—495 
evacuation  for,  516 
hospitalization  for,  506-509 
incidence  of,  503-506 
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Mediterranean  theater — Continued 
malaria  in — Continued 
treatment  of,  502,  509-512 
measles  in,  35 
mumps  in,  38 

primary  atypical  pneumonia  in,  23-25 
Q  fever  in,  103 
rheumatic  fever  in,  229 
sandfly  fever  in,  49,  51,  53-55 
streptococcal  infections  in,  7 
tuberculosis  in,  353-357 
admission  rates  for,  353-354 
care  of  patients  with,  359 
disposition  of  patients  with,  355-356 
epidemiology  of,  356-357 
evacuation  of  patients  with,  357 
hospitalization  for,  354-355,  359 
special  problems  related  to,  369-360 
therapy,  355-356 
Melbourne,  360 

Meleney,  Dr.  Henry  E.,  493 
Melnick,  J.  L.,  447 
Membranes,  serous,  tuberculosis  of,  367 
Meninges : 

reactions  in,  in  epidemic  and  scrub  typhus, 
170 

tuberculosis  of,  358 
Meningismus: 
in  cerebral  malaria,  485 
in  falciparum  malaria,  481,  484 
Meningitis,  491 
case  histories,  247,  248 
cerebrospinal  fluid  in,  266 
complications  of,  258-259 
deaths  due  to,  7 
differential  diagnosis  of,  76 
duration  of  life  with,  257,  258 
epidemics  of,  239 
in  European  theater,  241 
meningococcal,  239,  256-258 
antiserum  in,  239 
complications  of,  258-259 
confused  with  typhus,  217 
mortality  in,  262 
myocarditis  in,  258 
pathological  findings  in,  270-271 
resemblance  of  cerebral  malaria  to,  485 
sequelae  of,  258 
treatment  of,  272-273 
adjuvant  therapy  in,  269-270 
antitoxin,  265-266 
serum  in,  265 
sulfonamides  in,  262,  273 
tuberculous,  100,  367 


Meningococcal  antitoxin,  in  treatment  of 
meningitis,  265-266 
Meningococcal  bacteremia,  244-249 
cutaneous  n  anifestations  of,  245 
onset,  245 
rash  in,  245-246 
symptoms  of,  244-245 
transition  from,  to  ineningiti.s,  248-249 
variations  in,  246-248 
See  also  Fulminant  meningococcal  bac¬ 
teremia. 

Meningococcal  infections,  239-273 
carriers  of,  244 
case  history,  256 
complications  of,  258-259 
conjunctivitis  in,  260 
death  due  to,  242,  243,  252 
cause  of,  252 
diagnosis  of: 
clinical,  261 
labonitory,  260-261 
directives  on,  242,  261,  266,  269 
discussion  of,  273 
epidemic  of,  241 
historical  note,  239-240 
incidence  of,  241-244 
mortality  for,  243 
pathogenesis,  244 
pneumonia  in,  259 
treatment  of,  261-270.  271-272 
antibiotics  in,  266-269 
sulfonamides  in,  239,  240,  242,  271,  272 
Waterhouse-Friderichsen  syndrome  in, 
249,  251,  252,  253n 

Meningococcal  meningitis.  See  Meningitis. 
Meningococcemia,  217,  244-249 
case  histories,  246,  247,  249,  250,  251 
forms  of,  246-247 
rash  in,  245-246 
symptoms  of,  244-245 
temperature  in,  246 
treatment  of,  262 
variations  in,  246-247 
Meningococci,  types  of,  260,  261 
Mental  confusion,  in  Japanese  B  encepha¬ 
litis,  88 

Merano,  283,  315 
Meta-aminobenzoic  acid,  196 
Metabolic  studies,  in  epidemic  typhu-s,  152-153 
Methods,  for  reduction  of  airborne  infec¬ 
tion,  6 
Mexico,  143 

Meyer,  Dr.  Karl  F.,  80 
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Micro-organisms,  of  common  iipia'r  respi¬ 
ratory  infection,  2,  4,  7,  17,  20,  3.‘i 
Microlus  montehelli.  111 
Middle  East,  94,  99,  297,  454,  460,  4SS 
sandfly  fever  in,  56 
Middle  East  theater,  102 
rheumatic  fever  in,  229 
tuberculosis  in,  366 

Middle  Pacific  Area,  tuberculosis  in,  364 
diagnosis  of,  364 
evacuation  for,  364 
incidence  of,  364 

Middleton,  Col.  Whxiam  S.,  293,  321 
Miliary  tuberculosis,  358,  367 
Military  campaigns,  effect  of  malaria  in,  449- 
450 

Military  discharges.  See  Disability  separa¬ 
tions. 

Military  gov’ernment,  in  Germany: 

Public  Health  Branch  of,  398 
tuberculosis  control  program  of,  397-399 
Military  Government  Research  Center,  87 
Military  importance,  of — 
dengue,  59,  70,  76 
lymphocytic  choriomeningitis,  101 
sandfly  fever,  49 
seasoning  of  troops,  5,  7,  23 
Military  installations: 

Camp  Adair,  36 

Camp  Bullis,  441 

Camp  Claiborne,  19 

Camp  Dix,  33 

Camp  Forrest,  394 

Camp  Lee,  28 

Camp  Lucky  Strike,  345 

Camp  McCoy,  37 

Camp  Patrick  Henry,  106,  107 

Camp  Pike,  33 

Fort  Belvoir,  44 

Fort  Penning,  597 

Fort  Bragg,  6,  12,  19,  105,  108,  267,  384, 
417,  421,  437 
Fort  Eustis,  44 
Fort  Knox,  226,  545,  597 
Fort  McClellan,  97 
Fort  Sam  Houston,  96,  97 
Fort  Sill,  34 

Fort  Francis  E.  Warren,  226 
Military  Mission  of  U.S.S.R.,  in  Great 
Britain,  349 

Military  service,  tuberculosis  detected  before 
induction  into,  331-333 
Military  significance,  of  Q  fever,  109 


Military  units: 

.Airborne  Infantry,  88th,  443 
Field  -Artillery,  77th,  165 
Infantry  Division: 

25th,  279,  307,  313,  317,  452,  458,  497 

27th,  279,  280,  297,  304,  313 

32d,  121,  452 

30th,  50 

37th,  458 

41st,  122 

43d,  279,  313,  317,  4.52,  458 
Infantry  Regiment: 

35th  (25th  Division),  307 
147th,  496,  497 

164th  (Americal  Division),  280 
186th,  122 
339th,  104 
362d,  104 

Parachute  Infantry  Regiment,  503d,  120 
Milk: 

directives  on  purchase  of,  368 
unpasteurized,  factor  of,  in  nonpulmonary 
tuberculosis,  367,  368 

Milkborne  streptococcal  infection,  8,  17,  28 
Miller,  Lt.  L.  M.,  86 
Milne  Bay,  112 
Mindanao,  210 
Mindoro,  112,  125,  126 
Ministry  of  Health,  England,  15 
Ministry  of  Public  Health,  Egyptian  Govern¬ 
ment,  145-146,  157 
Mite  ulcer,  of  scrub  typhus,  130 
Mobile  X-ray  Team  No.  3,  341 
Mobilization  Regulations  No.  1-9,  238,  340 
Mode  of  transmission,  of — 
acute  respiratory  diseases,  1 
dengue,  59 

epidemic  typhus,  143 
murine  typhus,  204 
Q  fever,  108-109 

Moist  heat,  in  treatment  of  pioliomyelitis,  98 
Monilia,  280 

Mononucleosis,  infectious,  38-41,  100,  489 
age  in,  39 
antibodies  in,  40 

cephalin  flocculation  reaction  in,  39 
classical  form,  39 
communicability  of,  39 
differential  diagnosis  of,  76 
epidemics  of,  40 

in  continental  United  States,  40-41 
in  oversea  theaters,  41 
introduction,  38-40 
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Mononucleosis,  infectious — Continued 
serological  reactions  in,  40 
sex  in,  38 

Moore,  Dr.  Joseph  E.,  416,  424,  426 
Moore  General  Hospital,  387-388 
census  of  tuberculous  patients  in,  387 
designation  of,  as  specialty  center  for 
tuberculosis,  382,  387 
transfer  of,  to  Veterans’  Administration, 
388 

See  also  Hospitals,  general. 

Mooseb,  H.,  204 
Mor.\gues,  V.,  195 
Morale,  390 

factor  of,  in  scrub  typhus,  137 
Morocco,  210,  453,  502 
Morphine,  76 

use  of,  in  meningitis,  270 
Morphology,  of  diphtheritic  lesions.  284-288 
Mortality.  See  Death (s). 

Mosher,  W.  E.,  Jr.,  87 

Mosquito  control,  for  prevention  of  dengjje, 
60.  61,  63,  64,  66,  67,  69.  71 
Mouse-brain  formalin  (inactivated)  vaccine, 
in  Japanese  B  encephalitis,  90 
Mouse  neutralization  test,  in  typhus  fever, 
190 

MTOUSA  (Mediterranean  Theater  of  Opera¬ 
tions,  l^S.  Army).  See  Mediterranean 
theater. 

Muckenfitss,  Col.  Ralph  S.,  21,  81 
Mucous  membranes,  effect  of  Atabrine  on, 
552 -553 

Muir,  E.  G.,  297,  312 
Mumps,  35-38 
complications  of,  35-37 
epidemics  of,  37 

in  continental  United  States,  37-38 
in  oversea  theaters,  38 
introduction,  35 
meningoencephalitis,  100 
noneffectiveness  due  to,  36 
occurrence  of,  37 
quarantine  for,  38 
Munda,  451 

Murine  typhus,  204-215,  252,  257 
case  histories,  212 
causative  agent  of,  204,  205 
clinical  description  of,  204 
clinical  experience  with,  205-213 
clinical  findings  in,  208 
diagnosis  of,  laboratory  aids  in,  213-215 
epidemiology  of,  204—205 


Murine  typhus — Continued 
foci  of,  205 

incidence  of,  205,  207,  208 
incubation  period  of,  221 
laboratory  findings  in,  208 
mode  of  transmission  of,  204 
serological  findings  in,  211,  213,  214 
summary,  221-223 

clinical  picture,  221-222 
diagnosis,  222 
immunity,  222 
natural  course,  222 
prophylaxis,  223 
therapy,  223 
vector  of,  205 
Mi'RRAr,  E.  S.,  136,  197 
Murray,  R.,  280 

Muscle  pain,  in  relapsing  vivax  malaria,  487 
Muscles,  aching  of,  in  meningococcal  bac¬ 
teremia,  245 

Muscular  aches,  in  Q  fever,  106 
Muscular  weakness,  in  murine  typhus,  221 
Musculoskeletal  system : 
defects  of,  disability  discharge  for,  339 
symptoms  referable  to,  complicating  ma¬ 
laria,  487 

Mustard  gas,  as  cause  of  chronic  bronchitis, 
43 

Mycobacterium  tuberculosis,  32 
Myers,  Lt.  Col.  Daniel  W.,  15,  24,  25 
Myitkyina,  128,  136,  281 
Myocardial  damage,  associated  with  scrub 
typhus,  124 
Myocarditis,  259 

complicating  cutaneous  diphtheria,  295 
following  scrub  typhus,  125 
in  diphtheria,  321 
death  due  to,  302 
in  meningitis,  258 

Myocardium,  involvement  of,  in  epidemic 
typhus,  216 

Nadzab,  120,  122,  123 

Naples,  8,  103,  104,  107,  220,  354,  502,  506 
epidemic  typhus  in,  154 
Nasopharyngeal  diphtheria.  See  Diphtheria. 
Nasopharyngitis,  2 

Nasopharynx,  autoinfection  of,  from  skin, 
298 

National  Guard,  federalization  of,  241,  330 
National  Institute  for  Medical  Research,  138 
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National  Institute(s)  of  Health,  U.S.  Public 
Health  Service,  108,  135,  179,  190,  444, 
594 

National  Rt^search  Council,  30,  47,  228,  409, 
412,  538 

Committee  on  Medical  Research  of,  525 
Committee  on  Medicine  of,  420 
Division  of  Medical  Sciences  of,  94,  136, 
171,  493 

Subcommittee  on  Tropical  Disease's  of,  493 
Subcommittee  on  Tuberculosis  of,  374,  384 
Subcommittee  on  Venereal  Diseases  of, 
409,  419,  420,  423,  424,  425,  426 
National  Tuberculosis  Association,  389,  406 
Nausea,  in — 

cutaneous  diphtheria,  303 
dengue,  72 
malaria,  483 

meningococcal  infections,  245,  253 
pancreatitis,  36 
sandfly  fever,  56 

suppressive  malaria  therapy,  466,  495,  536, 
556 

Naval  Medical  Research  Unit  No.  2,  86,  90 
Nazi  Party,  349 
Negro  troops: 

blackwater  fever  in,  486 
mumps  in,  38 

toxic  reactions  to  Plasmochin,  501 
Negros,  126 
Neiix,  204 

Neisseria  inlracellularis,  258,  259 
Neoarsphenamine,  500 
in  malaria,  526 
in  syphilis,  418 
Nephritis,  1 
hemorrhagic,  75 

Nervous  .sy.stem,  involvement  of,  in  njalaria, 
485-486 

Nervousness,  in  relapsing  vivax  malaria,  487 
Netherlands,  diphtheria  in  civilian  popula¬ 
tions  ill,  316 

Netherlands  East  Indies,  282 
Netherlands  New  Guinea,  112,  121,  125 
Neurasthenia,  during  convalescence  from 
dengue,  75 

Neuritides,  a-ssociated  with  malaria,  486 
Neuritis: 

complicating  cutaneous  diphtheria,  288, 
295 

diphtheritic,  299-302 
incubation  period  of,  301 


Neurocirculatory  asthenia,  125 
complicating  malaria,  487 
following  rheumatic  fever,  234 
Neurological  disc:ise,  disability  discharge 
due  to,  339 

Neurological  involvement,  degree  of,  in 
epidemic  typhus,  146 
Neurosyphilis,  427-428 
treatment  of,  428 

Neurotropic  virus,  diseases  due  to,  79-102 
Neutralization  test.  See  Testis). 
Neutropenia,  in  epidemic  typhus.  217 
“New  and  Nonofficial  Remedies,’’  26(5 
New  Britain,  112.  120 
New  Caledonia.  3.59,  360,  451-452 
outbreak  63 

New  G('oi 

New  Guinti.  ,  ,  iu,  112.  120,  122,  123, 
282,  451,  452,  469-470.  498 
outbreak  of  dengue  in,  65-68 
New  Hebrides,  279,  284,  298,  304 
outbreak  of  dengue  in,  62-63 
New  World,  143 

New  York  Port  of  Embarkation,  378 
New  York  State  Department  of  Health,  315 
New  Zealand,  95.  279,  317,  318,  359.  4.52,  497 
Nicoi-i.e.  143 

Nitrogen  balance,  in  typhus  fever,  153 
Nitrogen  retention,  in  epidemic  typhus,  146 
Noneffectiveness,  due  to — 

common  upper  respiratory  infections,  5-6 
cutaneous  diphtheria,  307-308 
dengue.  65 
dermatophytosis,  37 
malaria.  451 
measles,  34 
mumps,  36-37 
rubella,  42 
sandfly  fever,  49 
spontaneous  pneumothorax,  47 
Nonhemolytic  streptococcus,  19 
Nonimmune  military  personnel,  67 
factor  of,  in  dengue  epidemics,  59 
suppression  of  malaria  in,  535 
Nonparalytic  poliomyelitis.  93.  96,  97.  100 
See  also  Poliomyelitis. 

Nonpulmonary  tuberculosis,  incidence  of, 
369 

Nonspecific  urethritis.  418 
Nordhausen  concentration  camp.  .349 
Normandy,  393 
Norris,  R.  F.,  280.  482,  483n 
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North  Africa,  49,  53,  94.  97,  102,  104,  143, 
284,  451,  559 

North  African  campaign,  275 

North  African  Theater  of  Operations,  U.S. 

Army.  See  Mediterranean  theater. 
Northern  Hemisphere,  10 
Norway,  diphtheria  in  civilian  populations 
in,  316 

Nottinghamshire,  38 

Nova  Scotia,  240 

Nurses,  tuberculosis  in,  342-343 

Nursing  care,  in  epidemic  typhus,  192 

Nutrition,  factor  of,  in  tuberculosis,  359-360 

Nuttall,  G.  H.  R.,  318 

Occupational  therapy,  in  care  of  tuberculous 
patients,  390 
Occurrence,  of — 
mumps,  37 

primary  atypical  pneumonia,  19 
Q  fever,  103-106 
Ochs,  L.,  .Ir.,  262,  263,  269 
Ocular  conditions,  complicating  malaria,  486 
Office  of  Scientific  Research  and  Develop¬ 
ment.  494,  525,  594 
Office  of  the  Air  Surgeon,  227,  379 
Office  of  the  Chief  Surgeon,  European 
theater,  422,  425 

Preventive  Medicine  Division  of,  410 
Office  of  the  Provost  Marshal  General.  394 
Office  of  the  Surgeon,  South  Pacific  Area.  496 
Office  of  the  Surgeon  General,  93.  346,  349, 
350,  357,  365,  378,  379,  380,  387,  389, 
391,  414,  419,  583 

Consultant  in  Tuberculosis  in,  398,  406 
subordinate  elements  of : 

Medical  Consultants  Division,  283,  553 
Medical  Statistics  Division,  2.  395 
Preventive  Medicine  Service,  80,  410, 
424 

Professional  Service  Division,  2,  9,  12, 
30,  410 

Officers’  Training  Center,  Army  Ground 
Forces,  341 
Okinawa,  76 

outbreak  of  .Japanese  B  encephalitis  on, 
86-89 

Old  World  typhus.  See  Epidemic  typhus. 
Oliguria : 

in  epidemic  typhus,  146 
in  meningococcemia,  263,  269 
Opie,  Maj.  Eugene  L.,  368 
OppEL,  T.  W.,  282n,  298,  .304 


Optic  nerv’e; 

atrophy  of,  in  meningitis,  259 
blanching  of,  in  malaria,  485 
Oran,  50 
Orchidotomy,  37 
Orchitis,  37,  38,  76 
surgical  decompression  for,  36 
Organisms,  of  common  upper  respiratory 
infections,  3,  4,  7,  39 
Orient,  343 

Orientation,  of  tuberculous  patients,  388-390 

Orlando  Army  Air  Base,  233 

Oro  Bay,  116,  124 

Ortho-aminobenzoic  acid,  196 

Osipov,  Col.  B.  A.,  349 

Osteoperiostitis,  in  meningitis,  259 

Otitis,  15 

Otitis  media: 

complicating  measles,  32,  34 
complicating  typhus,  147,  222 
in  respiratory  infections,  9 
Otto  I,  449 

Outbreaks.  See  Epidemic(s). 

Owen,  Lt.  Col.  George  C.,  386 
Owen  Stanley  Range,  113 
Owi,  125 

outbreak  of  scrub  typhus  on,  121-123 
Oxford  University,  550 
Oxophenarsine  hydrochloride,  419 
in  treatment  of  malaria,  526 
Oxychloroquine,  577-578 
absorption,  577 
antimalarial  activity  of,  577 
clinical  testing  of,  577-578 
dosage  of,  577 
general  properties  of,  577 
in  falciparum  malaria,  577 
in  vivax  malaria,  577 
plasma  levels  of,  577 
toxicity  of,  577 

Oxytetracycline,  effectiveness  of,  in — 
bacteremia,  269 
meningitis,  269,  273 
Q  fever,  109 
scrub  vphus,  139 

PAB.\.  See  Para-aminobenzoic  acid. 
Pachymeningitis,  252,  257 
Pacific,  275 
Pacific  areas,  8 
influenza  in,  16 

See  also  South  Pacific  .4rea;  Southwest 
Pacific  .4rea. 
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I’acific  Oceiiu  Area: 
dengue  in,  6‘.t 
tuberculosis  in,  358 

in  recovered  prisoners  of  war,  391 
1’addock,  Maj.  Frankun  K.,  511 
Paestum,  453,  502 
Pagliana,  24 
Pain,  76 
in  back: 

in  malaria,  481 
in  murine  typhus,  221 
in  poliomyelitis,  94,  97 
in  chest,  in  Q  fever,  107 
in  joints,  in  meningococcal  infections,  245, 
253 

in  shoulder,  in  rabies,  101 
retro-orbital,  56 

Palate,  discoloration  of,  factor  of  Atabrine 
in,  553 
Palermo,  165 
Palestine,  275,  284,  318 
Palpitation,  in  relapsing  vivax  malaria,  4.S7 
Pamaquine  naphthoate,  498 
clinical  experience  with,  585-588 
historical  review,  579-582 
studies  of : 

at  a  specialty  center,  582-585 
materials  for,  583 
methods  of,  583 
,)rewar,  580-581 
residts,  583-585 
summary,  582,  592 
wartime,  581-582 
therapeutic  use  of,  588-589 
toxicity  of,  585-589 
See  also  Plasmochin  naphthoate. 

Panama,  42,  76,  101,  103,  106,  108,  451,  491, 
535,  582,  587 

Pancreatitis,  complicating  mumps,  36 
Pandemic  influenza,  10,  11,  16,  17 
See  also  Influenza. 

Panja,  G.,  292 
Pappataci  fever,  506 
See  also  Sandfly  fever. 

Papua,  112,  116,  120,  122,  125 
Para-aminobenzoic  acid,  136 
in  murine  typhus,  223 
reginrcn  of  treatment  of,  199 
study  of,  on  growth  of  typhus  rickettsiae, 
195-200 

use  of,  in  epidemic  typhus,  155 
Parachute  infantry  regiment,  scrub  typhus 
in,  120 

See  also  Military  units. 


Paraldehyde,  102,  192 
in  meningitis,  270 
Paralytic  poliomyelitis,  93,  97 
See  also  Poliomyelitis. 

Parasite  factor,  in  precipitation  of  malarial 
paroxysm,  480 

Parasite  identification,  in  malaria,  4.S9,  509 
Parasite  species,  of  malaria,  effect  of  sup¬ 
pressive  therapy  on,  469-470 
I’arasitemia,  529 
control  of: 

with  chloroquine  diphosphate,  565 
with  quinine,  510,  532-533 
effect  of  penicillin  on,  526 
effect  of  .sulfonamides  on,  529 
of  falciparum  malaria,  529 
of  vivax  malaria,  529 

action  of  arsenicaLs  upon,  526 
Panisitological  studies,  of  diphtheria.  280 
Paresis,  residual,  of  cerebral  malaria,  4,S5 
Paris,  138,  302 
Parotid  glands,  35 

Parotitis,  complicating  typhus,  147,  220,  222 
Paroxysm,  malarial,  490,  491 
action  of  arsenicals  upon,  526 
action  of  bismuth  compounds  upon,  528 
factors  in  precipitation  of,  480 
Pa.sadena  College,  97 
Pasricha,  C.  L.,  292 
Pasteur  Institute,  105,  210 
Pathogenesis,  of  meningococcal  infections, 
244 

Pathogenicity,  of  Corynehacterium  hemolyti- 
cum,  320 

Pathological  findings,  of  meningitis,  270-271 
Pathology : 

of  epidemic  typhus,  169-172 
of  scrub  typhus,  132-133 
Patients: 

disposition  of,  123-125,  233,  236-237,  341- 
342,  355-356 

duration  of  hospitalization  for,  459,  509 
early  ambulation  of,  233 
evacuation  of,  to  Zone  of  Interior,  98, 
132,  .360,  361,362,  363,  .364,  .378-.381 
orientation  of,  388-390 
quarantine  of,  for  mumps,  38 
reclassification  of,  508 
reconditioning  of,  235 
rehabilitation  of,  388-390 
Patrol  activity,  factor  of,  in  diphtheritic 
lesions,  286 

Paul,  Dr.  John  R.,  52,  56,  57,  443,  447 
Paulun,  204 
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Peck,  J.  L.,  86 

Pediculus  humanus  var.  corporis,  148 
Pblouze,  Dr.  P.  S.,  412 
Penicillin,  30,  32,  414-418 
fractions  of,  426 

in  common  upper  respiratory  infections,  9 
in  cutaneous  diphtheria,  289,  305-306 
in  diphtheria,  321-325 
in  epidemic  typhus,  194,  195 
in  malaria,  525-526 
in  meningococcal  infections,  266-269 
in  scrub  typhus,  136 
in  syphilis,  423-427 
Penicillium  chrysogenum  Q-176,  426 
Penicillium  nolatum,  426 
Peninsular  Base  Section,  507 
Pentaquine,  592,  594 
Pericarditis : 
death  due  to,  225 
in  meningitis,  259 
Peripheral  edema,  272 
Peripheral  neuritis; 
complicating  scrub  typhu?,  119 
in  malaria,  485 

Peripheral  vascular  failure,  in  tvphus  fever, 
220 

Peritonsillar  cellulitis,  4,  7 
Perkins,  R.  F.,  299n,  300 
Perspiration,  profuse,  in  malaria,  482 
Peru,  571,  572,  574 
Pescadores  Islands,  111 
Pesqubra,  Lt.  Col.  Gilberto  S.,  398 
Peters,  M.,  262n,  263 
Pfeiffer’s  bacillus,  10 
Pharyngeal  diphtheria,  275,  297,  299 
Pharyngitis.  8 
exudative  4 

nonstreptococcal  exudative,  7 
Pharyn.x,  2 

Phases,  of  Waterhouse-Fridtrich.sea  syn¬ 
drome,  255 
Phenobarbital,  76 

Philip,  Lt.  Col.  Cornelius  B.,  52,  56,  57, 
208n,  443 

Philippine  Islands,  93,  95,  96,  99,  101,  112, 
282,  391,  451,  553,  574 
chancroid  in,  431 
dengue  in,  65-68 
murine  typhus  in,  208 
scrub  typhus  in,  12.5-126 
Phlebolomiis,  .53 

Phlebotomus  fever.  See  Sandfly  fever. 
Phlehotomus  papatasii,  49,  .50,  52,  53 
life  cycle  of,  55 


Photophobia,  76 
in  sandfly  fever,  .56 

Physical  activity,  effect  of,  on  suppressive 
action  of  Atabrine,  470 
Physical  examination,  for  military  service: 
at  induction,  45 

detection  of  tuberculosis  by,  331 
Physical  findings,  in  Q  fever,  107 
Physical  signs,  of  dengue,  74-75 
Piatt,  A.  D.,  350 

PiNCOFFS,  Col.  Maurice  C.,  469,  498 
Pinkerton,  H.,  125,  194,  195 
Pisa,  393 
Pla.sma: 

concentrations  of  Atabrine  in,  510,  539, 
540 

concentrations  of  quinine  in,  532 
infusions  of,  in  treatment  of  malaria,  512 
Plasma  levels,  of — 

chloroquine  diphosphate,  563,  568,  573 
cinchonidine,  537 
cinchonine,  537 
oxychloroquine,  577 

quinacrine  hydrochloride,  539,  540,  541, 
542,  543,  544,  545,  549,  557 
quinine,  532,  537 
^ntochin,  559,  561 

Plasmochin  naphthoate,  498,  511,  559,  579- 
592 

combined  with  quinacrine  hydrochloride, 
582 

combined  with  quinine,  580,  581,  582,  583, 
585 

clinical  use  of,  590 
discassion  of,  589-591 
gametocytes  of  P.  falciparum  eradicated 
by,  579 

historical  review,  579-582 
prewar  studies  on,  580-581 
recommendations  for  therapeutic  use,  588 
summary,  592 
toxicity  of,  501,  585-589 
wartime  studies  on,  581-582 
Plasmodium  cynomolgi,  596 
Plasmodium  falciparum,  454,  455,^460,  481, 
526,  529 

effect  of  Atabrine  cu,  469,  470,  496 
gametocytes  of,  476 
in  cerebral  malaria,  499 
Plasmodium  malariae,  454,  455,  461,  526 
Plasmodium  vivax,  454,  455,  460,  468,  470, 
479,  482,  488,  526,  529 
effect  of  Atabrine  on,  496 
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Plasmodium  vivax — Continued 
gametocytes  of,  476 
strains  of : 

McCoy,  526 
New  Guinea,  488 
relapsing  tendency  of,  470,  488 
Pleura,  tuberculosis  of,  369 
Pleural  effusion: 

complicating  scrub  typhus,  1 19 
primary,  354,  356 
Pleurisy,  tuberculous,  342,  356 
Pleurisy  with  effusion,  tuberculous,  370-372 
coding  of,  370 
directive  on,  370 
prognosis  in,  371,  372 
symptoms  of,  37 1 

Plotz,  Col.  Harry,  138,  179n,  183,  184, 
188,  190,  194,  195,  203,  208,  210,  214 
Pneumococci,  3,  8,  10,  13 
in  common  upper  respiratory  infection,  7 
typing  of,  29,  31 
Pneumonia,  1,  8 

admissions  for,  26,  27 

antibiotics  in  treatment  of,  27 

as  differential  diagnosis  with  malaria,  491 

bacterial,  220,  222 

classification  of,  16 

clinical  concept  of,  17 

complicating  measles,  32,  33 

factor  of,  in  activating  malaria,  480 

hemolytic  streptococcal,  31 

influenzal,  13,  15,  17 

mortality  foi,  26 

noneffectiveness  due  to,  37 

primary,  28,  29 

primary  atypical,  16-19,  57,  259 
admissions  for,  20-21,  23,  27 
characteristics  of,  17,  19 
clinical  recognition  of,  20 
incidence  of,  20 
incubation  period  of,  24 
mortality  in,  26 
studies  on  etiology  of,  18-19 
reporting  of,  28,  29 
secondary,  28 
staphylococcal,  11 
viral,  76 

Pneumonitis,  108 
in  bronchiectasis,  45 
in  infectious  mononucleosis,  40 
in  influenza,  13 
in  scrub  typhus,  130 

Pneumoperitoneum,  in  tuberculasis,  38;i,  385 


Pneumothorax: 

in  tuberculosis,  342,  355-356,  379 
spontaneous,  46-47,  373 
tension,  46,  47 
Poland,  143 

Policy,  on  problem  of  diphtheria,  283 
Poliomyelitis,  79,  91-99 

age,  as  factor  in  susceptibility  to,  92 

deaths  due  to,  243 

diagnosis  of,  94,  97-98 

epidemics  of,  93,  96-97 

epidemiology,  95 

immunity  to,  93,  95 

in  continental  United  States,  96-97 

in  oversea  theaters,  94-96 

incidence  of,  91,  96 

morale  problem  of,  97 

onset  of,  94 

symptoms,  97 

treatment,  98-99 

Polyneuritis,  in  German  prisoners  of  war,  283 
Poly.saccharides,  in  immunization  against 
lobar  pneumonia,  30 
Pond,  H.  S.,  128 
Pontine  Marshes,  453.  502 
Port  Lyautey,  453,  502 
Port  Mort'sby,  112,  116,  118,  119 
PORTEOI  S,  W.  M.,  94 
Postvaccinal  encephalitis: 
admissions  for,  84 
deaths  due  to,  85 
See  also  Encephalitis. 

Postwar  studu's,  on  scrub  typhus,  138-139 
See  also  Clinical  research. 

President  Roosevelt,  144 
Prevalence: 

of  nonpulmonary  tuberculosis,  367 
of  poliomyelitis,  91-92 
Prevention,  of  malaria,  penicillin  in.  526 
Prov'entive  measures: 
for  sandfly  fever,  57 
for  scrub  typhus,  122 

Preventive  Medicine  Division,  Office  of  the 
i  '  i“f  Surgeon,  European  theater,  410 
j'revein;  Medicine  Division,  Office  of  the 
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I  ur.e  Minlicine  Service,  Office  of  the 
Surgeon  General,  410,  424 
Venereal  Disease  Control  Division  of,  429 
Price,  H.,  266 

Primary  atypical  pneumonia,  16-26,  57,  103, 
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adini.ssions  for,  20-21,  23,  27 
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Primary  atypical  pneumonia— Continued 
ag«'  in,  17 

agglutinins  in.  lU,  22,  24,  25 
British  recog i  ,ii  of,  22 
cold  agglutinin  lests  for,  22,  24 
communicability  of,  20,  24 
convaU'scence,  21 
course,  17,  19,  21 
deaths  due  to,  21,  24:1 
difTerential  diagnosis,  302 
etiology  of,  18 

in  continental  United  States,  19-21 
in  oversea  theaters,  21-2G 
incidence  of,  20 
incubation  period,  24 
introduction,  16-19 
management  of,  21 
occurrence  of,  19 
onset,  17 

pleural  effusions  in,  21 
recognition  of,  18,  22 
rejwrting  of,  20,  23 
residual  of,  26 

serological  reactions  in,  18-19 
summary,  25-26 
See  aho  Pneumonia. 

Primary  pleural  effusion,  354 
Prinzixo,  F.,  449 

Prisoner-of-War  General  Hospital  No.  2, 
Camp  Forrest,  394,  395 
Prisoners  of  war.  See  Captured  prisoners 
of  war. 

Prodromal  symptoms: 
of  malaria,  481 

of  meningococcal  bacteremia.  244-245 
Professional  Service  Division,  Office  of  the 
Surgeon  General,  2,  9,  12,  30,  410 
Prognostic  sign,  of  scrub  typhus,  131 
Promin,  382 
Promizole,  382 

Prophylaxis,  against  epidemic  typhus,  201 
Prostration,  a.ssociated  with  epidemic  ty¬ 
phus,  146 

Proteins,  serum  content  of: 
in  epidemic  typhus,  217 
in  typhus  fever,  153 
Proteus,  strains  of: 

Kingsbury  (K),  133 

OX-K,  112,  113,  115,  119,  125,  126, 
127,  139,  179 
OX-2,  179 

OX- 19,  127,  133,  179 
“Pseudobronchiectasis,”  45 


Psittacosis,  as  type  of  virus  pneumoniu,  17 
Psittacosis  virus,  22 

Psychoneurosis,  disability  discharge  due  to. 
339 

Psychosis,  257 

Atabrine  as  factor  in,  556-557 
disability  discharge  due  to,  339 
in  suppressive  malaria  therapy,  477 
residual  of  cerebral  malaria,  485 
Public  Health  Branch,  Military  Government 
for  Germany  (United  States),  Preventive 
Medicine  Branch  of,  398 
Public  Law  16,  78th  Cong.,  390 
Public  Law  346,  78th  Cong.,  390 
Puerto  Rico,  366,  451 

Pulmonary  edema,  in  bacteremia,  271,  272 
Pulmonary  emphyseina,  48 
Pulmonary  fibrosis,  47-48 
Pulmonary  infarction,  complicating  scrub 
typhus,  119 

Pulmonary  tuberculosis,  358 
See  also  Tuberculosis. 

Pulse,  elevated,  in  cutaneous  diphtheria,  295 
Purpura  hemorrhagica,  252 
Purulent  complications,  of  common  cold, 
3-4 

Pyrimethamine,  597,  598 

Q  fever,  25,  103-109 
antibodies,  104,  105,  106 
clinical  features  of,  106-108 
convalescence,  107-108 
course  of,  107-108 
cross-immunity  in,  108 
differential  diagnosis,  104 
dust  associated  with,  105,  108,  109 
epidemics  of,  105-106 
in  Apennines,  103-105 
in  Greece,  105-106 
in  Zone  of  Interior,  106 
epidemiology,  108-109 
incidence  of,  104 
incubation  period  in,  104-105 
laboratory  findings,  108 
laboratory'  o’  breaks  of,  105 
military  significance  of,  109 
mode  of  onset,  106 
mode  of  transmission,  108-109 
occurrence,  103-106 
physical  findings,  107 
recognition  of,  103 
rickettsia  of,  104,  105,  108 
roentgenological  findings,  107 
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Q  fever — Continued 
symptoms,  106-107 
treatment,  108 
Quarantine,  for  mumps,  38 
Quartan  malaria,  489 
Queeiudand,  60,  103,  111,  112 
Quillinan,  300 

Quinacrine  hydrochloride,  115,  452,  465, 
538-558 

aplastic  anemia  ascribabie  to.  551-552 
as  cortical  stimulant,  558 
clinical  trial  of,  538-558 
dosage  schedule,  538,  540,  545-549 
hepatic  dysfunction  related  to,  550-551 
in  acute  attacks,  540-542 
in  falciparum  malaria,  534,  539,  540,  542- 
545 

in  relapsing  malaria,  534 
in  suppression,  545-549 
in  vivax  malaria,  539-540 
relative  efficiency  of,  569 
physiological  disposition  of,  in  human 
body,  539 

plasma  concentrations  of,  540 
levels  of,  540,  541 

reactions,  acute,  to  short-term  administra¬ 
tion  of,  555-559 

central  nervous  system,  556-558 
gastrointestinal  tract,  556 
skin,  556 

skin  discoloration  associated  with,  552 
studies  on,  538-558 
clinical  use,  540-549 
general  properties,  539-540 
summary,  558 
toxicity,  550-558 

superiority  of,  to  quinine,  532,  533,  534 
toxic  manifestations  of,  534,  550-558 
See  also  Atabrine. 

Quinine,  115,  511-512,  525,  529,  583 
clinical  trial  of,  531-535 
combined  with  Plasmochin,  580,  581,  582, 
583,  585 
dosage  of,  532 

in  falciparum  malaria,  532,  534 
in  relapsing  malaria,  534 
in  vivax  malaria,  ,532 

relative  efficiency  of,  569 
in  treatment  of  malaria,  466.  531-535 
inferiority  of,  to  Atabrine,  470 
intramuscular  injections  of,  535 
intravenous  injections  of,  500,  501.  512, 
534 


Quinine — Continued 

malaria  suppression  by,  effect  of  combat 
conditions  on,  466 
oral  administration  of,  511 
plasma  concentrations  of,  532 
level  of,  532 
source  of,  493 
toxicity  of,  501,  534 

Rabat,  453,  502 
Rabies,  79,  100,  101-102 
deaths  due  to,  101 
incubation  period,  101 
symptoms,  101-102 

Race,  factor  of,  in  tuberculosis,  367,  375 
Rammblkamp,  C.  H.,  266 
RAMP’s.  See  Recovered  Allied  military 
personnel. 

Randolph  Field,  235 
See  also  Army  airfields. 

Rash,  in — 

Brill’s  disease,  202 
dengue,  72 

epidemic  typhus,  216,  217 
Fort  Bragg  fever,  438 
meningococcal  bacteremia,  245-246,  249 
murine  typhus,  221,  222 
Rasmussen,  Aaron  F.,  Jr.,  99n,  100 
Reaction(s) : 

cephalin  flocculation,  in  mononucleosis,  39 
Pandy,  in  Japanese  B  encephalitis,  89 
serological,  in  primary  atypical  pneu¬ 
monia,  18-19 
toxic,  to — 

Atabrine,  495,  550-558 
chloroquine  diphosphate,  574-576 
oxychloroquine,  577 
pamaquine,  585-589 
qtiinine,  501,  534 
Sontochin,  561 
Weil-Felix,  40 

in  epidemic  typhus,  157,  179-183 
in  Fort  Bragg  fever,  441 
in  Q  fever,  103,  104 
in  infectious  mononucleosis,  40 
in  scrub  typhus,  119,  125,  133-134 
in  typhus,  157,  181,  182 
ProUus  OX-K  in,  125,  126,  127,  128, 
133-134,  179-183 

ProUus  OX-19  in,  133,  179,  180,  181, 
183,  208,  213 

ProUus  OX-2  in,  179,  180,  183 
Reagan,  R.  L.,  138 
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Reconditioning: 
after  rheumatic  fever,  2H5 
for  scrub  typhus  convalescents,  124 
for  tuberculous  patients,  38S-390 
Recovertnl  Allied  military  personnel,  tubercu¬ 
losis  in,  346-349 

Recovered  American  prisoners  of  war, 
tuberculosis  in,  344-346 
Recovered  prisoners  of  war,  tuberculosis  in, 
390-392 
Recruits: 

incidence  of  common  respiratory  diseases 
related  to  proportion  of,  5 
incidence  of  measles  in,  33 
Red  Cross,  344,  389 
canteens  of,  368 

Redistribution  Station,  Army  Ground 
Forces,  346 

Reflexes,  in  Japanese  B  encephalitis,  88 
Regiments.  See  Military  units. 

Registrants,  for  military  service: 
rejection  of,  for  venereal  disease,  433 
screening  of,  333 
Rehabilitation : 

after  primary  atypical  pneumonia,  22 
of  tuberculous  patients,  in  Zone  of  Interior 
hospitals,  388-390 
Reilly,  Col.  William  A.,  165 
Rejection,  for  military  service,  due  to 
tuberculosis,  331 
Relapsing  malaria: 
causative  agent  of,  469 
morbidity  of,  514-517 
treatment  to  reduce  rate  of,  513-514 
See  also  Malaria. 

Renal  complications,  of  sulfonamide  therapy, 
in  meningitis,  262-263 
Report  (s): 

essential  technical  medical  data,  51,  500 
statistical  health,  28,  50,  51,  96 
summary  health,  28 
Reporting — 

of  pneumonia,  20,  23,  28,  29 
of  tuberculosis,  406 
Research: 

in  rheumatic  fever,  238 
on  dengue,  76-78 
Reservoir  host: 

of  epidemic  typhus,  143 
of  scrub  typhus.  111 
Residual,  of  scrub  typhus,  124 
Respiratory  aids,  in  poliomyelitis,  98 


lU^spiratory  tract,  diseases,  1-48 
acute,  2-42 

bacterial  pneumonia,  26-32 

common  upper  respiratory  infection,  2-9 

infectious  mononucleosis,  38-41 

influenza,  9-16 

measles,  32-35 

mumps,  35-38 

primary  atypical  pneumonia,  16-26 
rubella,  41-42 
chronic,  42-48 

chronic  bronchitis,  42-44 
bronchiectasis,  44-45 
lung  abscess,  45-46 
malignant  disease  of  lungs,  48 
pulmonary  emphysema,  48 
pulmonary  fibrosis,  47-48 
spontaneous  pneumothorax,  46-47 
disability  discharge  due  to,  339 
general  considerations,  1-2 
in  malaria,  483-484 
See  also  specific  diagnosis. 

Restlessness: 
in  dengue,  72,  76 
in  meningitis,  270 
Retinopathy,  in  scrub  typhus,  130 
Rey.nolds,  F.  H.  K.,  59 
Rheumatic  disease,  1 
Rheumatic  fever,  225-238,  247 
acute,  231 
arthralgia  in,  235 
carditis  in,  231 
clinical  investigation  of,  238 
clinical  picture  of,  229-231 
complications  of,  234-235 
control  programs  for,  237-238 
death  due  to,  231,  232 
directives  on,  227,  232,  233,  236.  See 
also  Directives. 

disposition  of  patients  with,  233,  236-237 
epidemics  of,  227 
epidemiology  of,  228-229 
in  oversea  theaters,  229 
in  young  adults,  recovery  from,  234 
incidence  of,  226,  228 
information  on,  clinical  and  historical,  230 
military  importance  of,  225 
natural  history  of,  229 
outbreaks  of  scarlet  fever  following,  226 
reconditioning  during  convalescence  from, 
235 

statistics,  228-229 

sulfonamide  prophylaxis  for,  227,  228 
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Rheumatic  fever — Continued 
summary,  238 
treatment  of, 
directive  on,  232 
early,  232-233 
late,  233-235 
results  of,  233-235 

Rheumatic  fever  convalescent  centers,  hos¬ 
pitals  designated  as,  233 
Rheumatism,  death  due  to,  225 
Rhine,  343 
Rhineland,  166 
Rhinitis,  hbrinous,  297 
Rich,  A.  R.,  47,  250 
Rickettsia  burneti,  strains  of: 

“Balkan  grippe,”  105,  106,  108 
Henzerling,  104,  105,  108 
Paige,  104,  105 
Seale,  105 

Rickettsia  mooseri,  189,  204,  205,  212 
Rickettsia  prowazeki,  143,  195,  202 
strains  of: 

Breinl,  156 

identification  of,  190-192 
isolation  of,  190-192 

Rickettsia  tsutsugamushi,  111,  112,  123,  135, 
136,  137,  138 
Rickettsiae,  of — 
epidemic  typhus,  143 
murine  typhus,  205 
Q  fever,  104,  105,  108 
scrub  typhus.  111 

Rickettsial  agglutination,  in  epidemic 
typhus,  188-189 

Rickettsial  infections,  antibiotics  in  treat¬ 
ment  of,  139 
Rights,  F.  L.,  138 
Rittman,  G.  E.,  417 

Robbins,  Maj.  Frederick  C.,  103,  104,  105 
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Rockhampton,  61 

Rocky  Mountain  spotted  fever,  190,  252 
Roentgenographic  examination: 
at  induction,  2,  45,  331 
tuberculosis  detected  by,  334 
Roentgenological  findings,  in  Q  fever,  107 
Rolleston,  J.  D.,  318 
Romansky,  M.  J.,  417 
Rome,  105,  502 
Roosevelt,  Theodore,  450 
Roper,  Maj.  William  H.,  384,  391 
Rosenberg,  A.  A.,  490 


Rosenberg,  Dr.  D.  H.,  266 
Royal  Air  Force,  tuberculosis  in,  402-403 
Royal  Navy,  tuberculosis  in,  400-402 
Royster,  H.  P.,  306 
Rubella,  41-42 
communicability  of,  41 
diagnosis,  41 

differential  diagnosis  of,  76 
incidence  of,  42 
noneffectiveness  due  to,  42 
Rural  typhus.  See  Scrub  typhus. 
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Ryukyu  Islands,  81,  86 
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outbreak  of  dengue  in,  68-70 
Salerno,  50,  453,  502 

Salicylates,  in  treatment  of  rheumatic  fever, 
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Salmonellal  infection,  491 
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San  Francisco  Port  of  Embarkation,  380 
Sandflies,  49,  50,  51,  53 
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clinical  course,  56-57 
diagnosis  of,  56-57 

laboratory  confirmation  of,  57 
differential  diagnosis,  57 
epidemics  of,  50,  56 
epidemiology  of,  53-55 
etiology,  52-53 
hospitalization  for,  57 
immunity  to,  55-56 
incidence  of,  51,  53-55 
onset  of,  56 
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summary,  57-58 
susceptibility  to,  56 
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Sandfly  fever — Continued 
symptoms,  56-57 
treatment  of,  57 
vector  of,  52,  53 
virus  of,  52-53 

Sanding  of  tent  floors,  as  preventive  measure 
against  scrub  typhus,  122 
Sanitation,  factor  of,  in  poliomyelitis,  93,  95 
Sansapor,  121,  122,  123,  124,  125 
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differential  diagnosis  of,  76 
epidemics  of,  226 
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interpretation  of,  297 
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Schistosomiasis,  198,  491,  528 
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See  also  Army  airfields. 
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chemotherapy  in,  136-137 
clinical  characteristics  of.  111 
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first  phase,  112-116 
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Scrub  typhus — Continued 
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pathology  of,  132-133 
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natural  course,  142 
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Weil-Felix  reaction  in,  119,  127,  133-134 
Seagrave,  Lt.  Col.  Gordon  S.,  499 
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Season  (s): 

for  measles,  32 
for  pneumonias,  17,  20 
malarial,  500,  502 
Seasoning  of  troops,  23 

military  importance  of,  as  related  to 
common  respiratory  diseases,  5,  7 
Secretary  of  War,  144 

Section  for  Research  on  Minimal  Tubercu¬ 
losis,  Medical  Research  and  Develop¬ 
ment  Board,  U.S.  Army,  379-380,  384 
Sedation,  as  adjuvant  therapy: 
in  meningitis,  270 
in  tuberculosis,  363 
St'dimentation  rate,  in  malaria,  490 
Seitz  filter,  319,  445 

St'lective  service  registrants,  examination  of, 
344 

Senior  Consultant  in  Dermatology,  European 
theater,  432 

Senior  Consultant  in  Medicine,  South 
Pacific  Area,  496 

Senior  Consultant  in  Tuberculosis,  European 
theater.  340,  341,  342,  345 
Separation  centers,  tuberculosis  detected  in 
troops  in,  340 

Separation  from  service.  See  Disability 
separations 

Serological  tests,  for — 
epidemic  typhus,  217 
murine  typhus,  222 
primary  atypical  pneumonia,  25 
Serotherapy,  30 

in  bacterial  pneumonia,  32 
in  epidemic  typhus,  192-194 
in  meningitis,  264 
in  scrub  typhus,  136 

Serum,  antimeningococcal,  in  meningitis,  265 
Serum  therapy,  in  lobar  pneumonia,  30,  32 
Service  Command  (s); 

First,  396 
Third,  31,  38,  44 

Fourth,  19,  37,  40,  260,  262,  265,  414 

Sixth,  29 

Seventh,  227,  229 

Eighth,  40,  381 

Ninth,  227,  283 

Servicemen’s  Readjustment  Act  of  1944,  390 
Settle,  E.  B.,  125 

Seventh  U.S.  Army,  155,  453,  504,  506,  507 
incidence  of  sandfly  fever  in,  51 
Sex,  factor  of,  in  infectious  mononucleosis,  38 
Seymour  Johnson  Field,  46 
Shannon,  J.  A.,  539n,  586 


Shillong,  312 

Shingbwiyang,  127 

Ship  fever.  See  Epidemic  typhus. 

Shock,  evidence  of,  in  fulminating  menin¬ 
gococcal  bacteremia,  253 
Shoulder  pain,  in  rabies,  101 
Sicilian  campaign,  52,  453,  504,  507 
SicUy,  S,  .50,  51,  52,  .53,  165.  451,  453,  502 
Siege  of  Mantua,  449 
SlEMSEN,  W.  J.,  324 
Sign(s) : 

Babinski,  88 
of  dengue,  74 

of  Japanese  B  encephalitis,  88 
Siler,  J.  F.,  59,  409,  410 
Simmons,  Brig.  Gen.  James  S.,  59n,  81,  144, 
424 

Single  pha.se  fever,  in  dengue,  72 
SiNTON,  J.  A.,  580 
Sinusitis,  7.  15 
chronic,  1 

Sister  Kenny  method,  in  poliomyelitis,  98 
Sixth  U.S.  Array,  121.  466 
Skeletal  muscles,  involvement  of,  in  epidemic 
typhus,  216 
Skin: 

abscesses  of,  complicating  typhus,  220 
discoloration  of,  in  suppressive  malaria 
therapy,  466,  476 

effect  of  .\tabrine  on,  552-553,  556 
involvement  of,  in  epidemic  typhus,  216 
Skin  lesions,  associated  with  malaria,  517 
See  also  Cutaneous  diphtheria. 

Smadel,  Joseph  E.,  99,  100,  138,  195,  447 
Smallpox,  confused  with  typhus,  217 
Smears,  from  cutaneous  lesions,  Corynebac- 
terium  diphtheriae  in,  293-294 
Smith,  P.  K.,  223 

Smobodintsev,  investigator  of  epidemic  in¬ 
fluenza,  10 

SN  6,  911.  See  Sontochin. 

SN  7,  618.  See  Chloroquine  diphosphate. 
SN  8,  137.  See  OxychJoroquine. 

SN  13,  276.  See  Pentaquine. 

Snyder,  Dr.  John  C.,  136,  180n,  188,  192, 
193,  195,  197 
Sodium  benzoate,  196 
Solomon  Islands,  126,  279,  359 
Solomon  Islands  campaign,  280,  492 
Sontochin,  559-562 
absorption,  559 
clinical  testing  of : 

for  suppression,  560-561 

in  acute  attacks  of  vivax  malaria,  560 
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Sontochin — Continued 
general  properties  of,  559 
in  fcUciparum  malaria,  559.  560,  561 
in  mmx  malaria,  559,  560 
plasma  levels  of,  559,  561 
toxicity  of,  561 

Sontoquine,  in  treatment  of  malaria,  512 
Sore  throat: 

in  infectious  mononucleosis,  39 
peritonsillar  cellulitis  as  complication  of,  4 
streptococcal,  8 
South  America,  82,  366 
South  Pacific  Area,  9,  279,  284,  453,  454, 
460,  468,  479,  488,  496,  498 
diphtheria  in,  279-280 
malaria  in,  495-498 
scrub  typhus  in,  126-127 
Senior  Consultant  in  Medicine  in,  496 
tuberculosis  in,  357-360 
diagnosis  of,  358-359 
evacuation  for,  360 
incidence  of,  357-358 
mortality  in,  360 
types  of,  358 

Southwest  Pacific  Area,  95,  112-126,  130, 
227,  288,  453,  454,  458,  460,  466,  475, 
476,  479,  481,  482,  488 
diphtheria  in,  282 
malaria  in.  452,  498 
poliomyelitis  in,  96 
scrub  typhus  in: 
directive  on,  124 
first  cases  of,  112-115 
incidence  of,  121-125 
investigations  of,  116-121 
measures  for  control  of,  121-125 
outbreaks  of,  120-121 
tuberculosis  in,  360-362 
diagnosis  of,  361 
evacuation  for,  362 
incidence  of,  360-361 
special  medical  problems  in,  361-362 
Spanish-American  War,  330,  450 
Specialized  centers: 
establishment  of,  387 
for  treatment  of  tuberculosis,  381-388 
Speech  disturbances,  in  Japanese  B  encepha¬ 
litis,  88 

Spillman,  R..  331 
Spinal  fluid: 

in  cerebral  malaria,  485 
pleocytosis  in,  38,  57,  89 
protein  levels  of,  in  diphtheritic  neuritis, 
300 
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Spitz,  Dr.  Sophie  H.,  132,  133,  169,  171,  322 
Spletm,  519 

enlargement  of,  in  chronic  malaria,  487 
involvement  of,  in  epidemic  typhus,  216 
palpable: 

ill  diagnosis  of  malaria,  506 
in  infectious  mononucleosis,  39 
rupture  of,  486,  496 
technique  of  palpating,  482 
Splenectomy,  41 

Splenic  infarction,  complicating  scrub  ty¬ 
phus,  119 

Splenic  pain,  in  relapsing  vivax  malaria,  487 
Splenomegaly,  508 

in  Fort  Bragg  fever,  438 
in  malaria,  482 

Spontaneous  pneumothorax,  372-375 
admissions  and  readmissions  for,  373 
problem  of,  374 
See  also  Pneumothorax. 

Spring-summer  encephalitis,  Rmssian,  79,  82, 
84 

Sputum: 

meningococci  in,  259 
pneumococci  in,  8,  9 

Sputum  control,  in  tuberculous  patients, 
378-379 

Staphylococcus,  27 
Staphylococcus  aureus,  293 
STAR  (Specialized  Training  and  Reassign¬ 
ment)  unit,  poliomyelitis  in,  97 
Station  hospitals: 

in  chain  of  evacuation,  508 
malaria  patients  in,  485 

period  of  hospitalization  for,  508-509 
treatment  of,  508 
role  of,  in — 

diagnosis  of  tuberculosis,  333 
disposition  of  tuberculous  patients,  381 
See  also  Hospitals,  station. 

Statistical  Health  Report  (WD  Form  86ab), 
28,  29,  49,  50,  51,  96,  227,  241,  357,  503 
Statistics: 
dengue,  65 

malaria,  449-463,  514-517 
attack  rates,  454,  456,  457,  458 
deaths,  460-461 

duration  of  hospitalization,  459 
relapse  rates,  455-459 
types,  454-455 
rheumatic  fever,  228-229 
Stein,  Capt.  S.  C.,  398 
Sternal  puncture,  in  malaria,  489 
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Sternbkrc;,  T.  H.,  415,  419,  420 
Stibophfii,  432 

Stiff  nt‘ck,  in  poliomyelitis,  97 
Stilwell  Koad,  127 
Stone,  Col.  VVii,li.\m  S.,  194 
Stratm.4.\-Tho.vi.\s,  VV.  K.,  484 
Streptococcal  infect  ion  (-s),  4 

directive.^  on,  7-8,  227.  See  aluo  Direc¬ 
tives. 

epideiiiicity  of,  228 
epidemics  of,  227 
in  Mediterranean  theater,  7 
in  Zone  of  Interior,  6 
incidence  of,  228 
penicillin  therapy  for,  9 
sulfadiazine  in  treatment  of,  9 
sulfonamide  prophylaxis  for,  227,  228 
“Streptococcal  sore  throat,”  directive  on 
application  of  term  of,  8 
Streptococcus,  10 
hemolytic,  2,  33,  275 
group  A,  220,  259 
infections  due  to,  4,  7 
Streptococcus  viridans,  17- i8,  32 
Streptomycin,  382 

effect  of,  on  scrub  typhus,  130 
Strohl,  a.,  301 
Strono,  R.  P.,  143 
Sti  art-Harris,  C.  H.,  188 
Stupor,  in  rabies,  101 
Suaba,  451 

Subcommittees,  of  National  Research  C’oun- 
cil*. 

on  tropical  diseases,  493 
on  tuberculosis,  374,  384 
on  venereal  diseases,  409,  413,  419,  420, 
423,  424,  425,  420,  430 
Sulfadiazine,  30,  32,  34,  35,  259,  200,  262, 
263,  266 
effect  of,  on — 

cervical  lymphadenitis,  6 
falciparum  malaria,  529 
parasitemia,  512 
in  bacteremia,  271 
in  gonorrhea,  412 
in  lobar  pneumonia,  30 
in  meningococcal  infections,  246,  247,  249, 
262 

in  streptococcal  infections,  6,  9 
policy  for  administration  of,  242 
Sulfamerazine: 

effect  of,  on  falciparum  malaria,  529 
experimental  field  test  with,  530 
in  suppression  of  malaria,  470 


Sulfamerazine— Continued 
inferiority  of,  to  Atabrine,  529 
suppressive  activity  of,  529 
toxicity  of,  529 

Sulfamethazine,  effect  of,  on  falciparum  ma¬ 
laria,  529 

Sulfanilamide,  196,  262,  263 

Sulfapyrazine,  experimental  field  tests  with, 
530 

Sulfap3'ridine,  262,  263 
in  gonorrhea,  411 
in  pneumococcal  infections,  17 

Sulfathiazole,  262,  263 
in  gonorrhea,  411,  412 

Sulfonamide-resistant  gonorrhea,  treatment 
of : 

directives  on,  415, 416.  See  also  Directives, 
fever  therapy  in,  412,  413 
penicillin  in,  414-418 

Sulfonamide  therapy,  complications  of,  262- 
263 

Sulfonamides,  1,  4,  6,  13,  31,  498 
antimalarial  activity  of,  528-529 
in  bacterial  pneumonia,  31,  32 
in  lobar  pneumonia,  30 
in  malaria,  470,  512 
in  meningococcal  infections,  239,  242 
in  primary  atypical  pneumonia,  21 
in  rheumatic  fever,  227,  228 
in  streptococcal  infection,  227,  228 
indications  for  use  of,  9 
See  also  specific  drugs  by  name. 

Sumatra,  111 

Summary  health  reports,  28 

Supplies,  X-ray  film,  shortage  of,  391 

Supportive  measures: 
in  epidemic  typhus,  192 
in  scrub  typhus,  136 

Suppressants,  467,  510 

Suppression  of  malaria.  465-477 

blood  levels  of  Atabrine  for,  473-476 
effect  on  parasite  species  in,  469-470 
effects  of  Atabrine  withdrawal  on,  46.':  169 
factors  in  eariy  failures  in,  466-468 
long-term  clinical  experience  in,  471-472 
penicillin  in,  525-526 
quinine  in,  531-535 
Sontochin  in,  559-562 
sulfonamides  in,  470,  528-529 
totaquine  in,  536 

undesirable  effects  of  Atabrine  in,  476-477 
See  also  Atabrine;  Atabrine  suppressive 
therapy. 
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Suppressive  efficacy,  of  chloroquiiH>  diphos¬ 
phate,  572-576 

Suppressive  therapy,  for  malaria,  452 

See  also  Atabriiie;  Atabriue  suppressive 
therapy. 

Suppuration  of  glands,  comph'cating  dengue, 
75 

Surgt'on  General,  The,  13,  11),  20,  1)4,  226, 
227,  236,  237,  329,  391,  410,  412,  415, 
417,  425,  427,  429,  442,  465,  597 
See  also  Office  of  the  Surgeon  Gein'ral. 
Surgical  Group,  1st  Au.viliary,  341 
Surgical  treatment: 

^or  bronchiectasis,  45 
for  orchitis,  37 
Survival  period: 

in  fulminating  bacteremia,  252,  253 

degree  of  adrenal  hemorrhage  in  relation 
to,  253,  255 
in  meningitis,  257,  258 
Susceptibility,  to — 
inffuenza,  11,  13 
measles,  32,  34 
sandfly  fever,  56 
Sutherland,  G.  F.,  300 
Suva,  63 

SwANTZ,  H.  E.,  586 
Sweats: 

in  malaria,  482,  487 
in  Q  fever,  106 
Swine  influenza,  11 
Sylvester,  J.  C.,  266 
"Symposium  on  Human  Malaria,”  480 
Symptomatology,  vague,  in  malaria,  518 
Symptoms,  of— 
dengue,  72,  74-75 
epidemic  typhus,  146 
Fort  Bragg  fever,  437 
malaria,  481—484 

meningococcal  bacteremia,  244-245 
Q  fever,  106-107 
rabies,  101-102 
sandfly  fever,  56 
tuberculosis,  354 
Syndrome  (s) : 

Gaillain-Barre,  300 

Waterhouse-Friderichsen,  249,  250,  251, 
254-256,  260 
Syphilis,  418-430 

noneffectiveness  due  to,  37 
serological  tests  for,  effect  of  malaria  on, 
490 


Syphilis — ('on  tinned 
treatment  of: 

intensive  arsenotherapy  in,  420-423 
penicillin  in,  423-427 
records  on,  428-430 

See  also  Directives,  }>ertaini)ig  to  venereal 
diseases. 

Syphilis  register,  420,  425 
treatment  recorded  on,  429 
Syria,  318 

Tachycardia: 

in  cutaneous  diphtheria,  295 
scrub  typhus,  124 
Tagap,  452,  453 
Takemori,  X.,  195 
Tank  respirators,  95,  98 
Taranto,  106 

Tatlock,  Capt.  Hugh,  445,  446,  447 
Tau.«sio,  S.,  52 

Technical  bulletins.  See  Directives,  pertain¬ 
ing  to  specific  subject. 

Technical  memorandums.  See  Directives, 
pertaining  to  specific  subject. 
Technique: 

of  palpatiitg  spleen,  482 
of  thick-drop  blood  film,  509 
Tellurite  medium,  295 

Temperate  climates,  pattern  of  common 
upper  respiratory  infection  in,  8 
Temperate  Zone,  359 
Temperature,  body,  elevated.  See  Fever. 
Temperature,  factor  of,  in  activating  malaria, 
480 

Temperature  curve,  in — 

Fort  Bragg  fever,  438 
Japanese  B  encephalitis,  89 
malaria,  481,  519 
Q  fever,  107 
scrub  typhus,  1 15 
TenBroeck,  Dr.  Carl,  80 
Tendon  reflexes,  in  Japanese  B  encephalitis, 
88 

Tension,  in  relapsing  vivax  malaria,  487 
Tent  floors,  sanding  of,  as  preventive  meas¬ 
ure,  against  scrub  typhus,  122 
Terrain,  factor  of,  in  scrub  typhus,  121,  122 
Terramycin,  effectiveness  of,  in — 
bacteremia,  269 
meningitis,  269,  273 
Q  fever,  109 
scrub  typhus,  139 

Tertian  malaria,  malignant,  in  India-Burma 
theater,  498 
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Test  (s) ; 

cold  agglutinin,  22,  24,  40 
complement  fixation,  25 
in  Brill’s  disease,  203 
in  encephalitis,  83,  86,  89 
in  endemic  typhus,  208,  213 
in  epidemic  typhus,  157,  183-188 
in  lymphocytic  choriomeningitis,  100, 
101 

in  malaria,  490 
in  scrub  typhus,  134-135 
Eagle,  490 

exercise  tolerance,  in  scrub  typhus,  123 

for  cure  of  gonorrhea,  411 

Frei,  431 

Hinton,  490 

Kahn,  40,  490 

Kline,  490 

Koh’s  block,  557 

Kolmer,  490 

Kuder  vocational  interest,  390 
Mazzini,  490 
neutralization; 

in  encephalitis,  83,  86,  89 
in  epidemic  typhus,  189-190 
rickettsial  agglutination,  in  endemic 
typhus,  213,  215 

Schick,  in  diphtheria,  278,  296-297 
serological,  25 

in  encephalitis,  84,  88 
in  epidemic  typhus,  217 
in  infectious  mononucleosis,  40 
in  lymphocytic  choriomeningitis,  100, 
101 

in  malaria,  490 
in  murine  typhus,  222 
in  primary  atypical  pneumonia,  25 
WeU-Felix,  104,  119,  125 
See  also  Weil-Felix  reaction. 

Widal,  40 
Tetanus,  100 
“The  Hump,”  113 

Theaters  of  operations,  U.S.  Army.  See 
specific  theater. 

Therapy: 

for  meningitis,  262-263 
scrub  typhus,  119 

Thick-drop  blood  film,  in  diagnosis  of 
malaria,  509 

Thirst,  in  epidemic  typhus,  216 
Thomas,  H.  M.,  Jr.,  251,  262,  264,  265 
Thomas,  L.,  86 
Thompson,  K.,  581,  587 


Throat  cultures; 

Corynebacterium  diphtheriae  in,  8 
Hemolytic  influenzae  in,  7 
hemolytic  streptococci  in,  7,  13 
pneumonococci  in,  7,  8,  13 
Thrombophlebitis,  complicating  scrub 
typhus,  119,  131 
Tierney,  N.  A.,  137,  152 
Tigertt,  Lt.  Col.  William  D.,  87 
Tinnitus,  484,  534 

in  epidemic  typhus,  216 
Tompkins,  V.  N.,  261 
Tonsillitis,  1,  8 

sulfadiazine  in  treatment  of,  9 
Tonsils,  2 

Topping,  Dr.  Norman  H.,  190,  443 
Totaquine,  498 

advantage  in  use  of,  536 
comparison  of; 

with  quinacrine,  536 
with  quinine,  536,  538 
in  vivax  malaria,  536 
study  of  qualities  of: 

at  Bushnell  General  Hospital,  536 
at  Kennedy  General  Hospital,  536 
in  New  Caledonia,  536 
toxicity  of,  536 
Toxicity,  of — 

Atabrine,  466,  495,  498,  550-558 
oxychloroquine,  577  , 

pamaquine,  585-589 
quinine,  501,  534 
totaquine,  536 

Trachea,  tuberculosis  of,  369 
Trail,  Air  Commodore  R.  R.,  402 
Transmission,  mode  of,  of — 
acute  respiratory  diseases,  1 
dengue,  59 

epidemic  typhus,  143 
murine  typhus,  204 
Q  fever,  108-109 
Transmission  experiments: 
in  common  cold,  3 
in  infectious  mononucleosis,  39 
“Transport  cold.”  See  Common  cold. 
Trask,  Dr.  James  D.,  226 
Trauma,  factor  of,  in  cutaneous  lesions,  307, 
310,  312 

Treasury  Islands,  451 
Treatment,  of— 
chancroid,  431 

common  upper  respiratory  infections,  9 
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Treatment,  of — Continued 
cutaneous  diphtheria,  304-307 
dengue,  76 

diphtheria,  278,  304-307 
epidemic  typhus,  192-201 
antibiotics  in,  194-195 
chemotherapy,  195-200 
serotherapy  in,  192-194 
supportive  therapy,  192 
fulminant  meningococcal  bacteremia,  263- 
265 

gonorrhea,  410,  411 
Japanese  B  encephalitis,  90 
malaria,  493-524 

Atabrine  in,  510-511,  538-558 
cinchona  alkaloids  in,  531-538 
in  South  Pacific  Area,  495-498 
iron  in,  512 
penicillin  in,  525-526 
Plasmochin  in,  511,  579-592 
quinine  in,  511-512,  531-535 
results  of,  514-517 
Sontoquine  in,  512 
sulfonamide  drugs  in,  512,  528-529 
to  reduce  relapse  rate,  513-514 
meningococcal  infections,  261-270,  271 
drug  of  choice  in,  263 
neurosyphilis,  428 
poliomyelitis,  98-99 
Q  fever,  108 

rheumatic  fever,  232-235 
sandfly  fever,  57 
scrub  typhus,  130,  131,  136-138 
postwar  studies  on,  139 
streptococcal  infections,  6 
syphilis,  420-427 
tuberculosis,  363,  378-390 
in  prisoners  of  war,  390-396 
Tremors,  hand,  residual  of  scrub  typhus,  124 
Trenchfoot,  103 

factor  of,  in  activating  malaria,  480 
Tribromolthanol,  102 
Trigeminal  nerve,  258 

Trimus  of  the  jaw,  complicating  dengue,  75 
Trinidad,  86,  102 
Trombiculae,  126 

Trombiculid  mite,  vector  of  scrub  typhus, 
111 
Troops: 

military  importance  of  seasoning  of,  as 
related  to  common  respiratory  diseases, 
5,  7 


Troops — Continued 
Xt  gro : 

infectious  mononucleosis  in,  40 
mumps  in,  38 

tuberculosis  in,  sevc'rity  of,  354 
Trophozoites,  of  Plasmodium  falciparum,  529 
Tropical  diseases,  factor,  in  activating  tuber¬ 
culosis,  360 

Tropical  typhus.  See  Scrub  typhus. 
Tropical  ulcer,  and  diphtheria,  279-319 
See  also  Cutaneous  diphtheria. 

Tropics: 
diphtheria  in: 

among  natives,  310-312 
among  soldiers,  312 
incidence  of  allergic  disorders  in,  9 
Truax  Army  Air  Field,  20 
Tsutsugamushi  disease.  See  Scrub  typhus. 
Tubercle  bacilli,  344,  35'4 
isolation  of,  363 

Tubercular  diseases,  in  Civil  War,  330 
Tuberculosis,  1,  329-407,  491 
admission  rates,  330,  335,  336,  353-354 
aspects  of,  367-377 
extrapuhnonary  tuberculosis,  367-370 
pleurisy  with  effusion,  356,  370-372 
spontaneous  pneumothorax,  372-375 
control  of,  405-407 
death  due  to,  243,  354,  360,  375-377 
diagnosis  of,  358-359,  361,  362,  364 
differential  diagnosis,  354 
discharge  rates  for,  334-339 
discovery  of — 

before  induction,  331-333 
in  service,  333-334 
epidemiology  of,  356-357 
evacuation  for,  360,  362,  363,  364,  378-381 
historical  perspective,  329-331 
hospitalization  for,  354-355,  359,  378-390 
in  Army  Air  Forces  personnel,  343-344 
in  British  military  forces,  399-403 
Royal  Air  Force,  402-403 
Royal  Navy,  400-402 
in  Canadian  military  forces,  403-405 
in  captured  prisoners  of  war,  390-396 
in  Chinese  troops,  364 
in  concentration  camps,  349-353 
in  nurses,  342-343 
in  oversea  areas,  339-367 
in  recovered  Allied  military  personnel, 
346-349 

in  recovered  American  prisoners  of  war, 
344-346 
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Tuberculosis — Continued 

in  recovered  prisoners  of  war,  390-392 
in  r.S.  Army,  329-339 
in  Zone  of  Interior,  340,  378-390 
incidence,  334-339.  340,  343-353,  357, 
360-361,  362,  364 
in  Alaskan  Department,  365 
in  China-Burma-India  theater,  364-36.5 
in  European  theater,  339-341 
in  Far  East,  366-367 
in  Latin  American  Area,  366 
in  Mediterranean  theater,  353-357 
in  Middle  East,  366 
in  Middle  Paci6c,  364 
in  South  Pacific  Area,  357-360 
in  Southwest  Pacific  Area,  360-362 
in  Wi*stern  Pacific  Base  Command,  362- 
363 

miliary,  350,  358,  367 
mortality  from,  329,  375-377 
nonpulmonary,  367-368 
nonpulmonary  tuberculous  complications 
of,  383 

occurrence  of,  in  oversea  areas,  339-367 
patients  with: 

disposition  of,  341-342,  355-356 
(•vacuation  of,  360,  362,  363,  364,  378- 
381 

orientation  of,  388-390 
rehabilitation  of,  388-390 
problems  of,  359-360,  361-362,  363 
pulmonary,  329,  358 
racial  resistance  to,  375 
severity  of,  in  Negro  soldiers,  354 
significance  of  .\rmy  experience,  for  con¬ 
trol  of,  405-407 

treatment  of,  355-356,  359,  361,  363,  364, 
378-399 

directive  on,  342.  See  also  Directives, 
specialty  centers  for,  381-388 
under  military  government  in  (lermany, 
397-399 
types  of,  358 

Tuberculosis  centers,  hospitals  designated  as: 
in  Mediterranean  theater,  354 
in  Zone  of  Interior,  381-388 
Tuberculosis  Control  Division,  U.S.  Public 
Health  Service,  405,  406 
Tuberculous  meningitis,  100,  367 
Tuberculous  patients.  See  Patients, 
Tulagi-Florida  Island.s,  451 
Tunis,  49,  453,  502 
TuiiLsia,  24,  49,  53,  354,  453,  495,  502 


Ti  rner,  T.  B.,  415 
Type(8) : 

of  pneumococcu.s,  30 
of  tuberculosis.  358 
Typhoid  fever,  491 

confu.sed  with  typhus,  217 
Typhus exanthematiqud  (French).  See  Epi¬ 
demic  typhus. 

Typhus  fever,  112 
epidemics  of.  143 

severe,  resemblance  of  cerebral  malaria  to, 
485 

See  also  Epidemic  typhus;  Murine  typhus; 
Scrub  typhus. 

Typhus  vaccines,  potency  test  for,  190 
l’lcer(s) ; 

disability  discharge  due  to,  339 
tropical,  279-319 

Undifferentiated  respiratory  disease,  5,  12,  39 
virus  of,  3,  4,  5 
See  also  Common  cold. 

United  Nations  Relief  and  Rehabilitation 
Administration,  398 
Ujiited  States.  See  Zone  of  Interior. 

United  States  Armed  Forc<*s  Institute,  390 
United  State.s  of  America  Typhus  Commis¬ 
sion,  116,  122,  134,  137,  151,  154,  157,  179 
creation  of,  144 
field  laboratories  of,  135,  136 
study  facilities  of,  145 
University: 

Harvard,  39 
Indiana,  97 
of  California,  80,  82 
of  Chicago,  596,  597 
of  Colorado,  380,  384,  385 
of  Maryland,  596 
of  Notre  Dame,  596 
of  Pennsylvania,  433 
Yaie,  443,  444 

Upper  respiratory  infection.  See  Common 
upper  respiratory  infection. 

Urban  t3'phus.  See  Murine  typhus. 
Urethritis,  nonspecific,  418 
Urinary  frequency,  in  relapsing  vivax 
malaria,  487 

Urinary  retention,  in  epidemic  typhus,  146 
Urogenital  tract: 

involvement  of,  in  dengue,  76 
tuberculosis  of,  367 
Urticaria,  in  malaria,  484,  517 
U.S.  .\rmj'  Medical  Museum,  40 
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U.S.  Army  Medical  Research  and  Develop¬ 
ment  Board,  Section  for  Research  on 
Minimal  Tuberculosis  of,  379-380,  384 
U.S.  Army  Signal  Corps,  22 
U.S.  Army  Veterinary  Corps,  368 
U.S.  Marine  Corps.  1st  Marine  Division,  451 
U.S.  Navy,  13,  144,  228 
U.S.  Penitentiary,  Atlanta,  597 
U.S.  Public  Health  Service,  64,  144,  443, 
444,  594 

National  Institute(s)  of  Health  of,  108,  135 
Tuberculosis  Control  Division  of,  405,  406 

U. S.S.R.,  81,  82.  86,  143,  349 

Vaccination: 

for  epidemic  typhus,  201 
for  influenza,  1 1,  13 
Vaccine  (s): 

Cox,  156,  157 
Craigie,  168,  18^1 
epidemic  typhus,  156-172 
influenza,  11,  13 
mouse-brain  formalin,  90 

V. \N  Ravenswaay,  a.  C.,  20,  45 
Van  Rooyen,  C.  E.,  188 

Vasculitis,  generalized,  acute,  in  scrub 
typhus,  125 
Vector  (s),  of — 
dengue,  59,  6 1 
epidemic  typhus,  201 
murine  typhus,  205 
sandfly  fever,  52,  53 
scrub  typhus.  111 
V-E  Day,  433,  435 
Vella  Lavella,  451 
Venereal  diseases: 

control  program  for,  434-435 
diagnosis  of,  409-435 

directives  on.  See  Directives,  pertaining 
to  venereal  diseases, 
liistorical  note,  409-410 
induction  of  registrants  with,  433—434 
minor  typos  of,  430-433 
treatment  of,  409-435 
See  also  specific  diseases. 

Venezuela,  102 

Venezuelean  encephalitis,  79,  82,  86 
Ventilation,  factor  of,  on  incidence  of 
respiratory  diseases,  7 
Vertigo,  in  treatment  with  totaquine,  536 
Veterans’  Administration,  332,  339,  375,  383, 
385,  386,  387,  388,  389,  390,  392 
transfer  of  tuberculous  patients  to,  388 


Veteran.s’  hospitals,  admission  to,  for 
tuterculosis,  332 
Veterinary  Corps,  368 
ViEussEux,  M.,  239 
Vincent’s  angina,  8,  9 
Vincent’s  infections: 
admission  rates  for,  5 
complicating  infectious  mononucleosis,  41 
penicillin  therapy  for,  9 
sulfadiazine  in  treatment  of,  9 
Vincent’s  organisms: 

appearance  of  throat  lesions  produced  by,  4 
in  common  upper  respiratory  infection,  2 
Virus(es),  of — 
common  cold,  3 
encephalitis,  82 
mumps,  35,  36 
influenza,  2 

A,  10,  12,  13,  14 

B,  11,  12,  13,  14 

undifferentiated  respiratory  disease,  3,  4,  5 
Virus  and  Rickettsial  Diseases  Laboratory, 
133 

Virus  encephalitides,  arthropodborne,  79-91 
Vision,  blurring  of : 
in  cerebral  malaria,  485 
in  treatment — 

with  dihydroquininc,  537 
with  totaquine,  536 

Visual  acuity,  effect  of  Atabrine  on,  501 
Visual  disturbances,  factor  of  chloroquine 
diphosphate  in,  575 
Vivax  infections : 

chloroquine  diphosphate  in,  560-561 
relapse  rate  in,  therapeutic  regimen  for 
reduction  of,  513-514 
Vivax  malaria: 
acute  attacks  of,  540-542 

quinacrine  hydrochloride  in,  540-542 
543 

quinine  in,  532 
Sontochin  in,  559-562 
chloroquine  diphosphate  in,  562,  563-571 
572- .576 

deaths  due  to,  461 
duo  to  blood  infections,  526 
factor  of  antimony  compounds  in  precipi¬ 
tating  clinical  attacks  of,  528 
naturally  acquired,  528 
oxychloroquine  in,  577 
Plasmochin  naphthoate  in,  579-592 
prodromal  symptoms  of,  481 
relapses  of,  487,  496,  532 
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Vit  oj?  malaria — Continued 
aplenomegaly  in,  482 
sulfonamides  in,  529 
Nee  also  Malaria. 

Vocational  interest  test,  Kudor,  for  tuber¬ 
culous  patients,  390 
Vocational  Rehabilitation  Act,  390 
VOELCKER,  A.  F.,  252 
V-J  Day,  70,  334 
Volturno  River,  502 
Volunteers; 

for  experiments  in — 
dengue,  76 
malaria,  470 
sandfly  fever,  52,  56,  57 
for  study  of  murine  typhuf  vaccine,  2 10 
in  clinical  trials  of  antimalarial  drugs,  574, 
575,  577,  596,  597 
in  trials  of  Atabrine,  494 
Vomiting,  in — 
dengue,  72 
malaria,  483 

meningococcemia,  245,  253,  262 
pancreatitis,  36 
poliomyelitis,  97 
sandfly  fever,  56 

suppressive  malaria  therapy,  466,  494,  534, 
556 

treatment  with  totaquine,  536 
Von  Economo’s  disease,  80 

Waikiki  Beacli,  63 
Wakdc  Task  Force,  121 
Walshe,  F.  M.  R.,  299 
Walter  Reed  Army  Medical  Center,  447 
War  Between  the  States.  See  Civil  War, 
American. 

War  Department  Circular  No.  109,  26  Apr. 
1943,  383 

War  Department  General  Orders  No.  6,  13 
Feb.  1923,  429 

War  Department  Prisoner  of  War  Circular 
No.  11,  8  Feb.  1944,  393 
War  Department  technical  bulletins,  per¬ 
taining  to^ — 
diphtheria,  283 
meningococcal  infections,  266 
neurotropic  virus  diseases,  79,  86,  88,  100, 
101 

rheumatic  fever,  227,  232,  236 
tuberculosis,  370,  388,  389 
venereal  diseases,  415,  416,  425,  427,  428, 
429,  4.30 

See  also  Directives. 


War  fever.  See  Epidemic  typhus. 

War  Production  Board,  531 
Warino,  Dr.  James  J.,  47,  374,  380,  384 
Warner,  Maj.  Frank  B.,  104 
Warren,  R.  O.  Y.,  52 
Warshauer,  S.  E.,  124 
Wasting,  in  chronic  malaria,  487 
W'ater  transportation,  care  of  tul)erculous 
patients  during,  378 

Waterhoust^-Friderichsen  syndrome,  249. 
254-256,  260 

i!i  fulminant  meningococcal  bacteremia, 
251,  252 

Waud,  Maj.  Sidney  P.,  499 
WD  MD  Form  86iib,  28,  357 
See  also  Report  (s). 

WD  MED  Form  78,  Syphilis  Register,  42i. 
425,  429 

See  also  Syphilis  register. 

Weakness, 

in  attacks  of  malaria,  481,  487 
in  meningococcal  bacteremia,  245,  253 
in  Q  fever,  106 

muscular,  in  murine  typhus,  221 
Webster,  Col.  Bruce  P.,  124 
Webster,  Dr.  L.  T.,  81 
Weed,  Dr.  Lewis  H.,  493 
Wehrmacht,  51,  52,  395 
WEICH.SBLBAUM,  A.,  239 
Weight  loss,  in  Q  fever,  107 
Weiol,  156 
Weil-Felix  reaction,  40 
in  epidemic  typhus,  157,  179-  183 
in  Fort  Bragg  fever,  441 
in  Q  fever,  103,  104 
in  scrub  typhus,  119,  125,  127,  133-134 
in  typhus,  157,  181,  182 
See  also  Reaction  (s). 

Weimar,  353 
Weinberg,  L.  D.,  255 

Wellcome  Research  Laboratories,  New  York, 
597 

Wertman,  K.,  181,  182,  183,  210 
West,  J.  B.,  586 
West  Africa,  529,  532 

Western  equine  encephalo  .lyelitis,  79,  80, 
82,  88 

Western  Pacific  Base  Command: 
tuberculosis  in,  362-363 
diagnosis  of,  362-363 
evacuation  for,  363 
incidence  of,  362 
special  problems,  363 
treatment  of,  363 


INDEX 


649 


Whittakkb,  S.  R.  F.,  56 
WiLUAUs,  Lt.  Col.  S.  W.,  113 
WOLBACK,  152 

Wood,  Col.  Fbancis  C.,  128,  499 
Woodward,  Msj.  Theodore  E.,  125,  151, 
152,  154,  194,  208,  210 
World  War  I,  5,  34,  36,  41,  80,  225,  243, 
275,  330,  334,  368,  375,  450 
death  rate  from  lobar  pneumonia  during, 
29 

deaths  from  disease  in,  1 
measles  in  the  Army  during,  32,  33 
meningococcal  infections  during,  239 
mumps  in,  35 

tuberculosis  in  Army  during,  332 
Wright’s  stain,  in  diagnosis  of  malaria,  509 
Wyman,  Capt.  Stanley  M.,  104 

Xenopsylla  eheopia,  205 

X-ray  examination.  See  Roentgenographic 
examination. 

X-ray  facilities,  for  diagnosis  of  tuberculosis, 
361 

Yale  University  School  of  Medicine,  443,  444 
Yellow  fever,  65,  82 
Yeomans,  A.,  151,  152,  193,  194,  197 
Yugoslavia,  180,  192 


Zarafonetis,  C.  J.  D.,  134,  136,  157,  180, 
184,  186,  197,  211,  212 
Zimmerman,  Lt.  Comdr.  H.  M.,  90 
Zinsser,  H.,  143,  202 
Zone  of  Interior,  340,  479,  516,  517 
antimalarial  drug  studies  in  general  hos¬ 
pitals  in,  536 

bacterial  pneumonia  in,  28-31 
common  upper  respiratory  infection  in, 
5-6 

evacuation  of  paralytic  patients  to,  98 
infectious  mononucleosis  in,  40-41 
influenza  in,  12-14 
measles  in,  34-35 
mumps  in,  37-38 

primary  atypical  pneumonia  in,  19-21 
Q  fever  in,  103,  106 

study  of  cutaneous  diphtheria  in  hospitals 
of,  282-283 
tuberculosis  in: 

admission  rates,  336 
hospitalization  for,  378-390 
in  captured  prisoners  of  war,  393-396 
incidence  rates  for,  340 
specialty  centers  for  treatment  of,  378- 
388 

treatment  of,  378-390 


U.S.  GOVERNMENT  PRINTING  0rFICE:l»<3 


